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Interior of Blast 
Furnace Cast House 
in Central AHoy Plant 


Alloy Steels 
That Start Right 


<GATHON Alloy Steels enjoy the highest reputa- 
tion because extreme care is taken in all steps of 
manufacture. From the blast furnace to the finished 
product, no pains are spared to assure a perfect product. 


Constant scrutiny over every step of manufacture, 
strict adherence to formula, painstaking care in 
chemical analysis and the use of the microscope in 
checking heats enable us to provide alloy steels of 
uniform excellence. 


Users of Agathon Alloy Steels very disen effect 


immense savings in machining operations alone, on 
account of the uniformity of these super-steels. 


Central Alloy Steel Corporation 


Massillon, Ohio 


ai ov Toncan Ghee at fron_ St. Louis 
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San Francisco Phiiedsiphite 


Wehave daily pro- 
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thon Alloy Steels, 
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um, Vanadium, 
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um, Chromium, etc. 


Deliveries in 
Blooms, Billets, 
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SPRING SECTIONAL MEETING 

RACTICALLY all arrangements have been made for the 
P Spring Sectional Meeting to be held in Milwaukee, May 19 
and 20, 1927, and: the Milwaukee chapter committees are to be 
complimented for the earnest way in which they have carried out 
this work of preparation. 

An excellent technical papers and plant inspection program 
has been prepared and this meeting gives every indication of 
equalling previous sectional meetings. The Hotel Pfister will be 
the headquarters. 

Members will begin to gather on Wednesday, May 18, as on 
that day the officers and directors of the society will hold a meet- 
ing at the Hotel Pfister to transact important business of the 
society. The Recommended Practice Committee will also hold a 
meeting this same day. The customary Early Birds’ Dinner will 
be held Wednesday evening. 

Thursday and Friday will be devoted to technical sessions 
and plant inspection trips. Papers will be presented by Messrs. 
J. V. Green, R. S. Archer, H. B. Northrup, R. M. Sandberg, 
T. MeLean Jasper and P. C. Osterman. 
will be published next month. 

Plant inspection trips have been planned which include many 
plants in and around Milwaukee. Among these plants are Allis- 
Chalmers Mfg. Co., International Harvester Co., and the A. O. 
Smith Corporation. Many other plants will be open for the in- 
spection of our members. A complete schedule of events will be 
published in the May issue of TRANSACTIONS. 


The titles of these papers 


METHODS OF DETERMINING HARDNESS COMPARED 
* is with much interest that we have received Technologic 

Paper 334 of The Bureau of Standards in which the relation- 
ship is given between the results obtained by two widely used 
methods of measuring the hardness of metals. In this investi- 
gation the Brinell and Rockwell methods were compared, and 
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tests were conducted on a great number of ferrous and no) 
metals and alloys. Convenient semi-experimental formu 
been derived, by means of which the Rockwell or the 
hardness number can be computed from the other num! 
an error of less than 10 per cent. Similar formulas were 

also for tensile strength, which can be computed from t!] 
well number within an error of 15 per cent. 

The importance of this work will be realized when it is 
bered that the safety of buildings, bridges, and machines | 
kind depends upon the correct use of structural materia! 
designer strives to be economical in the use of materials s 
avoid excessive weight and needless expense, yet each pari 
be sufficiently strong for any load which it may have to 

In order to find the strength of any metal or alloy a porti 
of it is worked into a convenient shape and tested in a 
machine. In most cases the designer is interested in the tens 
strength of the material. <A tensile test is, however, expensi\ 
and, often, no sufficient number of specimens to represent 
quately the whole part, can be obtained. 

Fortunately, a substitute for the tensile test, which is satis 
factory for a great many practical purposes, exists in the so-call: 
indentation hardness test. It is inexpensive, can be made it 
few minutes, does not require an expensive preparation 0! 


l 


specimen and can often be made on a finished part without 
stroying it. 

This test consists in making an indentation in the part whic 
is tested, by a hard indenting tool loaded with a constant loa 
It is evident that the harder the material the smaller will be t! 
indentation. Therefore, the size of the indentation is the measur 
of the indentation hardness. The indentation hardness numbe 
which expresses a certain relation between the constant load and 
the variable size of indentation may be used to calculate with 
sufficient degree of accuracy the tensile strength of material. 

Two of the most often used indentation tests in this countr 
are the Brinell and the Rockwell tests. In order to be able 
compare the hardness or the tensile strengths of two materials 
for one of which the Brinell and for the other the Rockwell nun 
ber are known, it is necessary to know the relation between the» 
numbers. This relationship has been worked out in the pres! 
investigation. 








STRESSES IN QUENCHED AND TEMPERED STEEL 












By SAMUEL L. Hoyt 





Abstract 





When a high-carbon steel is quenched from above 
; critical point in water, a transformation takes place 
in the steel at about 660 degrees Fahr. (350 degrees 
Cent.) which 1s accompamed by a volume change of the 
der of 1 per cent. It has been shown by Heyn, Scott, 
and others that the mechanism of the reaction of the steel 
io the quenching operation is such that internal stresses 
are necessarily set up. Tempering is accompanied by 
volume changes and we may assume that the internal 
stresses are materially altered before being relieved. 
Further, if the dimensions of the steel are followed 
throughout the quenching and tempering operations, it 
will be observed that they are not related to the volume 
changes by any simple law. It is the object of this paper 
to indicate how the stresses operate during quenching 
and tempering to produce strains in the steel and to 



































nt show how, on such a basis, we may account for appar- 
ently anomalous dimensional changes. The general 
= antic argument is that the tensile and compressive stresses may 
‘all, not, at times, exactly balance each other and that their 
oo tendency to equalize results in strains or dimensional 
= = changes which are superposed on those due to the volume 
changes. 
Out 
MECHANISM OF STRESS FORMATION 
re Wate = mechanism whereby stresses arise during the quench- 
aa iow ing of steel has seldom received detailed treatment but 
il be U leyn, in his latest book, published after his death, has discussed 
— iis question in a manner which may well be considered here.(1)* 
namie lf a steel is quenched from above its critical point, it takes 
load a na greater volume than it would if allowed to cool slowly. This 
€ a difference increases with the rapidity of the quench or, better, 
— vith the degree of martensitization. During the quench, the 
; — . iter shell in contact with the cold water, cools more rapidly than 
v able he core so that-if the union between outer and inner portions 
a " gures in parenthesis refer to the references appended to this paper. 
we , 


iper presented before the eighth annual convention of the Society, 
September 20 to 24, 1926. The author, Dr. Samuel L. Hoyt, is a 
f the 


ie research staff of General Electric Company, Schenectady, N. Y. 
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could be dissolved, the two would assume different volu 
different lengths. On account of the bond between the t, 
straining them to assume the same length, the outer port 
be shorter than normal and the inner portion will be lon: 
normal. Expressed in terms of stress, the outer portion 
in compression and the inner portion will be in tension. 
Passing to a mere detailed picture of the behavior 
quenching, Heyn proceeds as follows: During the early | 
the quench both parts of the bar are in the (temperature) zon, 
of plastic deformation. The core cannot “‘give’’ to the compres 
sion of the outer shell, as the pressure is from all sides or sim 
ple hydrostatic pressure. This causes the outer portion to deform 
or lengthen and to accommodate itself to the inner portion. Op 
entering the zone of elastic deformation (leaving the zone of plas 
tic deformation) the deformation becomes elastic and hardening 
eracks may result. The core is still under compression on enter 
ing the zone of elastic deformation. It should now be reealled 
that the outer portion will end up with a greater specific vol 
ume than the inner, as it alone is converted into martensite. Be 
tween this point and room temperature a reversal in the volum 
changes must occur with the system passing through a stress-free 
state. Over this temperature interval the contraction of the cor 
exceeds that of the outer shell and the stresses reverse in sign. 
That is, the outer shell comes under compression and the inne 
eore under tension, when the bar reaches room temperature. Thi 
volume arrived at (final length) is a compromise and depends 
upon the thickness of the outer layer compared to the cross se 
tion, which in turn depends upon the diameter of the bar 
Following Heyn’s reasoning, we may regard the difference 
in the shrinkage of the outer and inner zones as the cause of the 
signs of the stresses in those sections, and we should expect much 
larger stresses in plain carbon steels than in the deep-hardening 
steels of the low alloy type which become martensitic throughout 
Seott (independently) takes the argument farther and gives 
a much more thorough analysis of stress formation (2). Instead of 
discussing a general case as Heyn did, Scott differentiates betwee! 
such factors as surface hardening and deep hardening, water 
quenching and oil quenching, large sized bars and small sized 
bars, ete. e™ 
He first notes that 1-inch round bars of a low-alloy gage stee! 
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ire ore apt to erack on oil quenching than on 
ng, but that water quenching smaller b 

rature distribution as the 1-inch 


likewise produced cracking. 


Water quench- 
ars, which have the same 
bar during oil quenching. 
Bearing in mind that surface er 

his work showed that ar 
ccurred with inereasing size or with the 


acks 
due to tensile stresses, eversal in sion 
cooling power of the 
SS on the magnitude of 
and he attempted to account for 
the laws of stress cvener 
ds to consider the vener 
the expansion phenomena in sti 
ng, the temperature distribution during 
the quantitative estimation of the 
ing, he states that. 


The matter seemed to depend | 
the stresses than on their sien 
lis observations on the basis of ation dur- 
ation of stress 
el during quench- 
quenching, and finally, 
permanent stresses. 
‘‘from previous Studies of 
n cooling glass and steel it 


ing cooling. He then procee 


n cooling glass. 


Summariz- 
stress generation 
is shown that the 
lescribed above are produced by 
juenching,’’ and further, that. ‘ 
surtace can be gener 


permanent stresses 
plastie deformation 
‘permanent tensional str 
ated by cooling only when the steel js plas- 
tically deformed while the coefficient of expansion is neo: 
From this, it is quite clear that the dimensional changes, even 
though they are governed by the 


during 
‘SS at the 


’7 


itive. 


volume changes, need not accord 
vith them. The difference will be due to the Strain, either elas- 
or plastie. 
It is largely due to the work of Scott that we have a reason- 
ly complete understandi 


ng of stress formation 
Others have suggested mechanisms of 
vested methods for applying the 
prevention of 


in quenched steel. 
' this action and have sug- 

results of their analyses to the 
quenching cracks, but our present purposes 
require further consider: 


ation of this subject here. (3. &. &.) 


do not 


MEASUREMENT OF INTERNAL STRESSES 


It is a matter of common knowledge among those who handle 
‘“sets up stresses”? or ‘ 
or strains are said to ec 
of the objects 


eated steel that quenching “Strains, ’’ 
stresses ause warping or er 
of tempering is to relie 
increase in Strength on temper 
release of the stresses. 


acking 
{ one ve these stresses. 
ing is supposed to 
In spite of this general 
importance of the subject, we 
"mation in this field, 


he due 
the knowledge 
are almost without 
with the exception of the work of 
of the first questions which re 


specific 
" Seott. 
quires a quantitative an- 
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A re 1 


enough, for example, to cause distortion or cracking 0) 


swer is in regard to the magnitude of the stresses. 





produce slow flow? To get an answer to this question t] 


in the summer of 1925. measured the stresses in a 1-in 







Sanderson’s high carbon tool steel which had been qu 
The method of Heyn was 


This steel is a surface hardenjy 





water from above its critical point. 





used to measure the stresses. 
steel and hardened to a depth of about 14 inch. 





The stresses fow 







were high, of the order of 150,000 pounds per square inch at th; 
maximum and varied from compression at the surface to tensio) 





at the center. The stresses measured were the axial stresses a) 
no account was taken of the radial and tangential stresses 
results agree with those subsequently published by Scott (2) an 


Seott has shown 





os 
L hese 






need not be reproduced here. further tl 
similar bar of deep hardening steel, quenched under similar ¢o) 
ditions, has the same stress variation but that the stresses ar 


siderably smaller, or of the order of 50,000 pounds per squ 







inch, at the maximum. 
that the core of the deep hardening steel expands by martensit 
zation, and thus releases the stresses somewhat, while the 


This may be accounted for by th 








of the surface hardening steel does not. 










MerHop AND TECHNIQUE 





Kor the sake of completeness, it may be well to add 
words about the technique employed to measure the stresses. | 
bar was quenched from about 1470 degrees Fahr. (800 degrees 
Cent.) according to the instructions given in the American 5 
ciety for Steel Treating Data Sheet N-3. Immediately att 
quenching, the hardness was about 64 on Rockwell C scale, 
this increased to about 66 in 1 hour and 20 minutes standing 
The stress variation during this change Ww 










room temperature. 
be interesting to follow but no method is known to the writer 
which stress measurements can be made in such a short time. 
length and diameter of the bar were then measured in tli 
stant-temperature room of the small tool and gage departmeu' 
the Schenectady Works of the General Electric Co. according | 
the standard methods of the art. A laver of metal 4'y-inch 
was then ground off the bar over almost the entire length. 1 










was done on the precision grinder of the research 






slowly and under a stream of water to avoid heating e! 
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0 









then returned to the constant-temperature room for an- 
‘hoy length measurement, and the cycle continued until the bar 
as reduced to a sufficiently small size to get the stress distribu- 









on over the eross section. Inasmuch as the bar was allowed to 

emain in the econstant-temperature room over night to allow its 

remperature to come to normal, the measurements were extended 
er a period of two weeks time. 

The stresses in each layer of metal were caleulated then on 

‘he basis of a modulus of elasticity of 30,000,000 pounds per square 

neh. It may be of some interest to note that a 1-foot bar short 


ened 1/21-inch on being ground from 1 inch in diameter to 3¢-ineh, 






ue to the release of the stresses in the outer layers. This gives 
idea of the constraint imposed on a bar of steel by quench- 
The formule used in ealeulating the stresses from the data 





btained may be secured from the original source. (6) 
















Tue Errect oF STRESSES ON THE TRANSFORMATIONS 


Observations have been made on quenched steel, some obvious 










ud others not so obvious, which seem to indicate that stresses 
lay an important (though subordinate) role in governing the 
ransformations in steel during quenching. Thus Hanemann and 
‘hulz made various microscopical observations on quenched ear- 
n steel which seemed to require, for their explanation, the as- 
sumption that pressure had exerted a positive influence in deter- 

ning the miero-constituents which formed and their relative 

ounts.(7) This assumption was also in line with the well- 
hown volume changes which accompany the transformations. On 
tempering the quenched steels, an expansion was observed at about 
\) degrees Fahr. (200 degrees Cent.) and this was accounted for 








the basis of a release of stress. Volume changes also accom- 









pany the changes which take place on tempering and they con- 


ided therefrom that stresses must likewise have an effect on 


‘empering, or during tempering. One observation which stands 
it in this connection was the occurrence of martensite on the 
itside, troostite (called osmondite) on the adjacent inner shell, 
ud troostite plus martensite on the inside of the troostite shell. 
ere was no doubt that the rate of cooling decreased from the 
side toward the center and the occurrence of the martensite 
le inside was said to be due to a pressure effect which ac- 
mpamed the transformations. Thus a careful microscopic ex- 
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amination of the microstructure of quenched steel requ 
utilization of Le Chatelier’s principle to account for t! 
vations. 

Le Chatelier’s principle tells us that stresses tendin 
erease the volume (simple hydrostatic pressure) will 
constitutional change which is accompanied by an increas 
ume, and further, that stresses tending to increase the 
(negative hydrostatic pressure) will assist such a transfi 
In the austenite — martensite transformation, we have a 
which proceeds with an increase in volume, and in the light 
experience of Hanemann and Schulz, we may expect that hydr 
statie pressure will retard, and negative hydrostatic pressure wi 
assist it, as the case may be. Lest there be a misunderstanding 
here, it may be well to point out that it is not suggested thar 
pressure acts as a variable factor, such as temperature and 


centration, in the physico-chemical sense. The pressures gen 
ated put the steel as a whole in an unstable condition and 
reaction of the steel is simply its attempt to restore equilibriw 
It might be objected that the Le Chatelier principle is 
applicable to the present case due to the fact that the equilibriu 


is not stable. See, for example, Benedicks, Zeit. Phys. Ch 
1922, vol. 100, p. 42, who states that it holds only for stable sys 
tems. The present writer, while agreeing in general with Bei 
dicks, would hold that the Le Chatelier principle applies 1 
austenite-martensite system during elastic strain, or in 
words, to part of the transformation in the outer shell and t 
of the transformation in the inner core. 

From the work of Scott on stress generation in deep hardel and th 
ing steel, we may divide the quenching operation into three ©: Hon 0! 
secutive steps. The first is the period between the commencemen! uence] 
of cooling and the moment the outside layer has reached the te! arter 
perature at which it begins to transform. The second period » ao 
the further cooling of the outer layer to room temperature, ®! posed 
the third is the cooling of the interior to room temperature. Thi promi 
sign and magnitude of the stress will then depend on the lag ' 
tween the second and third periods. If the lag is small, the stres 
will be negligible. As the lag increases, the stress increases 
magnitude to a maximum and then decreases and finally revels" 
in sign. For example, for a given Ar” transformation, 4s ' 
temperature drop from center to outside increases. the stress 
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surface increases to a maximum, then decreases and finally 
s to compression. 
ie application of the principle of Le Chatelier requires a 
edge of the stress condition during the transformation and 
he effect of the volume-change during the transformation on this 
stress condition. At the commencement, the outside is always in 
tension and the inside in compression. This follows from the ar- 
However, these stresses will 
be limited by the elastic limit of austenite at this temperature 
hey may be neglected (Scott). 


iment stated earlier in this paper. 


and 
Hence we may proceed as follows: 
Except for very small temperature drops from center 


, Tne 
side, the 


to out- 


outside layer goes under compression during Ar” due 


both to its own tendency to expand and to the shrinkage of the 
‘ore. If the temperature drop is large, the tension on the 


inside 
ill be quite large and the core will have the tendency to pass 
through Ar” under tension. 


This stress or negative hydrostatic 
pressure will assist rather than retard the transformation to mar- 
ensite. If the temperature drop is medium. the 


(temporary ) 
stress is correspondingly lower. 


At the start of Ar” the condi- 
ons will be about as in the former ease with the outside going 


inder compression and the inside under tension. On account of 


ie small difference in temperature this condition is reversed and 
inside goes under compression and the outside under te 
Thi 


is compression is direct hydrostatic pressure, and 
‘ondit 


nsion. 


we have a 
ion which opposes the transformation of austenite 


tensite. If it now be recalled that the large difference i} 
ture between outside and inside corresponds to a w 
and the medium drop to an oil quench, we have a logical explana- 


ion of the larger amounts of austenite which are observed it 
juenched steels. Seott (8) 


to mar- 
1 temper- 
ater quench 


1 oil- 
adds the requirement here that the 
artensite temper fully during the quench for the 
‘le Maximum amount of austenite, and that it 


| for the minimum amount. 
Prominent effect of stresses 


steel during quenching. 


production of 
remain undecom- 
Both of these views indicate the 
(pressure) on the transformation of 


Another case of a pressure effect. tho 
‘0 obvious, is that of a 


COON 


ugh perhaps not quite 
‘“deep hardening”’’ steel. Such a steel 
martensitic over the entire cross section when moderately 
es are quenched. On the basis of cooling velocities and 
ions alone, it would probably be impossible to account 
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for a martensitic center. Bearing in mind that negati 
static pressure would favor martensite formation from 
we may logically conclude that its assistance is sufficie, 
duce the deep hardening observed. 


Krom the point of view just advanced, it will be se 
least two factors determine the hardness of quenched 


the depth to which the hardening action penetrates—cooli: 
and internal stresses. In a straight carbon steel the vel 
the austenite transformation is so great that the cooling 
trols. This applies particularly to the upper or Ar’ transform 
tion, during which austenite changes tc troostite. Water 
ing produces martensite only on the outside (in a 1-inc| 
bar) and troostite forms on the inside at Ar’. At the lo 
perature, or at Ar”, the inside does not expand by passing t! 
Ar” and no hardening can take place, even though strong 
stresses are acting on the core. The addition of a small 
of retarding elements, sufficient to inhibit the troostit: 
at Ar’, gives hardening on both oil and water quenching. 
hardening produces martensite on the outside while at th 
the tensile stresses assist sufficiently to give deep hardening. \Vi' 


rorn 


oil hardening the tensile stresses in the outside assist sufi 
to produce martensite while the compressive stresses at thi 
ter tend to retain austenite and to retard the transformatio. 
(slow) production of martensite will likewise give a deep | 
ing effect and the only difference between water hardeni! 
oil hardening on the actual hardness number will be due t 
larger amount of austenite and the more complete temper! 
the martensite in the oil-quenched steel. This austenite 
certainly have a tendency to change into martensite even 
temperature, and the increase in tension on the outside produ 
thereby may be held responsible for cracks which form after | 
steel has reached room temperature. Seott assumes thiat 


eracks do not form as a result of increasing stress, proba 
cause his stress analysis assumes that the stress reaches 
mum as soon as the temperature at the inside and t! 
equalize. 

It may also be noted that this point of view would 
oil-quenched steel to have a greater tendency to expand 
ing at room temperature than a water-quenched ste 
which is well confirmed by the work of Scott. It wo 
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he oil-quenched steel to show a greater increase in hard- 
ness than the water-quenched steel. This requirement has like 
vise been confirmed by the author and by the published data. The 










change which accompanies these room temperature changes 


ly does not follow any simple law and will be considered 





UNBALANCED STRESSES IN QUENCHED STEEI, 


We have already seen that the volume-changes and the ae 
mipanying stresses do not occur simultaneously in all parts of 
sieel. This fact gives rise to what we may term here ‘‘un- 


alanced stresses.’’ The general subject of unbalanced stresses 







eed not be gone into in detail but to get an understanding of 

is meant by unbalanced stresses, we may consider the fol 
ving. In 1918 von Wartenberg advanced an explanation of the 
istic after-effect in metals which was suggested by his obser- 
ation that single crystal metals do not show the after-effect. (9) 














lis hypothesis is based on Tammann’s assumption that flow or 
lastie deformation starts in polycrystalline metals in favorably 


iented grains at a stress which is well below the elastie limit 
the metal as ordinarily measured. At higher stresses some of 
he grains are strained elastically and some plastically, until finally 
e elastic limit is reached. On releasing the load, the elastically 
strained grains force the plastically strained grains to revert prac- 
tically to their normal length during the elastic after-effect. The 

result is that some of the grains are left in tension and oth- 
's in compression. Inasmuch as this condition did not exist at 
start of the after-effect, we may say that the stresses at the 
't of the after-effect were ‘‘unbalanced.’’ This condition caused 
plastic flow observed and such a flow or deformation is the 
tural consequence of the application of a stress which is not bal 


ac] 












The writer realizes that this is an entirely inaedquate 
‘planation of the mechanism of the elastic after-effect and the 
played therein by unbalanced stresses, but this will proba- 
ve sufficient to indicate the nature of the argument. 


On measuring the dimensional changes which accompany the 


\ 


inching and tempering of tool steel and noting similar data 
le literature, the writer has been at a loss to account for the 
that the dimensional changes do not always follow the sim- 
volume changes which are known to occur. Many steels ex- 
length and in diameter on quenching while others shrink 
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in length and expand in diameter. In either case the 
change is that which would be predicted for the amount 
tensite which forms. The only way to account for this ano 


dimensional change, in the writer’s opinion, is to assu 


plastic deformation has occurred. Plastic (or elastic) d 
tion implies that a force or stress is acting on the bar an 
much as such a stress would not produce deformation if 
balaneed by a stress equal to it and of opposite sign, this 
unbalanced stresses during the deformation. The deformat 
the reaction of the metal which tends to equalize the stresses 

The role which such unbalanced stresses play in the hardey 
ing of steel may be recognized by noting the manner in whic} 
the dimensions fail to follow the volume changes. One ease has 
been given already, that of the dimensional changes on quench 
ing. An example of this is to be found in steel No. B 46, Tab}. 
Il of Scott’s paper (8). The length instead of increasing (wit! 
the volume) decreased 0.5 mils per inch while the diameter in 
creased 1.3 mils per inch. A deep hardening steel, quenched i1 
the same manner, increased both in length and in diameter. Tem 
pering is also accompanied by volume changes and on the basis 
of a simple volume-change we would expect the length to chan 
proportionately to the diameter. That it does not is clear fron 
the data which indicate that a deformation, as if due to stress 
has occurred. The dimensional changes recorded are, in the sense 
of this paper, the net results of the volume changes and of the 
unbalanced stresses which produce the distortion. 

We have now to consider something of the nature of inte 
nal stresses and the reactions in quenched steel which may b 
considered to produce them. The elastic after-effect has alread) 
been mentioned and it has been pointed out that this effect is 


best accounted for as due to stress equalization which acts over 


a period of time. The reaction of the metal is a dimensional 
change. While it is probably true that similar redistributions 0! 


stress oceur in quenched steel, optical methods would have to be 
used to detect the strains. The volume changes which accom- 


pany aging and tempering are more potent causes of distortio 
than that just mentioned. The elastic after-effect is touched 0! 
more to bring out the idea of unbalanced stresses than to indi 


cate the cause of dimensional anomolies which are noted in quenched 
steel. This part of the subject will be returned to later, as 1! 
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e best here to consider the reactions which are held to be 
yrineipal sources of this effect. 











|} RANSFORMATIONS IN QUENCHED AND TEMPERED STEEL 


it would be more satisfactory in the present discussion if 
eertain definite and well-understood reactions could be used as 
the basis of the analysis of dimensional changes during quench- 
no and tempering. That this basis is lacking is evident from 
Professor Sauveur’s recent criticism of the theories of hardening 
10) and the attempt here will be to draw as reasonable conclu- 
sions as can be from our available data. 

The microconstituents of quenched steel are austenite, mar- 
tensite and troostite. The austenite remains, as a general rule, 
as a result of an incomplete Ar” transformation and its amount 
depends upon the composition of the steel and the conditions of 
the quench. The transformation is not necessarily completed by 
the time room temperature is reached but may proceed after- 
ward, as has been recently shown by Hanemann and Schrader 
11). Heating a steel containing austenite to 212 degrees Fahr. 
100 degrees Cent.) also allows Ar” to proceed further, provided 
only that it has not gone to equilibrium during the quench. If 
this remnant of Ar” be allowed to take place at constant tempera- 
ture, we may expect it to be accompanied by an increase in volume 
and in hardness but inasmuch as this is only a minor or sec- 
















ondary transformation, we may assume that only subordinate ef- 
tects will be accounted for by it. This partial reaction may be 
‘lassed with the change from austenite to martensite at tem- 
peratures below room temperature as due to a metastable equili- 
brium between austenite and martensite, following Hanemann and 
Schrader, and may be considered as a quenching phenomenon.” 
Coming to the tempering phenomena of austenite, we may 
assume that austenite changes rapidly into either martensite or 
troostite at around 390-570 degrees Fahr. (200-300 degrees Cent.). 
That austenite is responsible for this transformation was early 
shown by Maurer and is evident from the X-ray analysis of Hein- 
lelhofer and Wright (12). The X-ray evidence did not show 
‘onclusively whether martensite or troostite was formed. It has 
een assumed that martensite forms during this transformation 


Se} 
























tt y, who observed heat being generated spontaneously in quenched steel when heated 


) degrees Cat, ascribed this transformation to austenite — martensite. (Ferrum, 
vol. 10, p, 274. 
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(Hanemann and Schulz, and Enlund) largely on the basi 
increase in volume observed, for it is well-known that , 
site has a larger specific volume than austenite. Other 
concur in this opinion but apparently without attempting 
sider the matter in detail. 

Direct microscopic examination of a tempered austenitic ste! 
shows that a troostitic structure forms during this reaction. Tj. 
point has been shown by various writers, but is particularly we! 
shown in a recent discussion by H. Schottky (138). This direc 
evidence is aligned with the volume-change by assuming that th), 
martensite is so fine-grained that it looks like troostite. (HF raenke! 
and Heymann.) In view of this unsatisfactory situation it may 
be well to reconsider the evidence and to see if the direct obse 
vations are not confirmed by the physical data. 

The assumption that the transformation is from austenii 
to martensite seems to hinge solely on the volume change, and this 
in turn on the assumption that an austenite = troostite transfor 
mation would not produce the expansion observed. This view 
point seems to be incorrect as is shown, for example, by the greate 
density of austenite at Ar, as compared to pearlite and its greater 
coefficient of expansion between Ar, and room temperature.’ This 
shows that it is not necessary to assume that martensite forms 
at the 570 degrees Fahr. (300 degrees Cent.) transformation on 
tempering. Furthermore, the transformation of austenite to mai 
tensite in sufficient quantity to account for the volume chan: 
would necessarily raise the hardness, whereas the hardness acti 
ally decreases about 10 points on the Rockwell C scale. Finall) 
the expansion relates to steel which has been tempered for one hou 
(Seott) which makes it necessary to assume that martensite ™ 
sists tempering to about that extent. This is not compatible wit! 
our common experience with quenched steel nor with the drop 1 
hardness, and Fraenkel and Heymann have shown that the trans 
formation is 70 per cent completed in 1 hour at 390 degrees Falir 
(200 degrees Cent.) and over 90 per cent completed at 650 d 
grees Fahr. (360 degrees Cent.). In this light it seems entirel) 
logical to assume that the austenite transforms to troostite 
tempering at around 390 to 570 degrees Fahr. (200 to 300 | 
grees Cent.). 

a “See, for example, Scott’s steel S-10 quenched from 2012 degrees Fahr 


Cent.) (austenitic) which expands 0.002 inches per inch on tempering at 930 
(500 degrees Cent.) 
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\ similar ‘‘peak’’ is observed on tempering alloy steels as 
been dealt with, for example, by Grossmann and Bain in their 
known work. Here the microscopic evidence is that austenite 

insforms into martensite, somewhat as it does in straight car- 
hon steels at 100 degrees Cent. Confirming this direct evidence, 
we have an inerease in both specific volume and hardness, which 
likewise indicates that martensite is formed. <A difference be- 
tween the two reactions just mentioned is that martensite trans- 
forms to troostite at 100 degrees Cent. in plain carbon steel while 

does not do so in the alloy steels. The consequences of this 
state of affairs are quite definite but cannot be considered here. 

[t now remains to consider the entire course of the temper- 
ing curve. If we refer to the methods of the physical chemist in 
his study of reactions, and particularly to the use he makes of 
reaction velocities to reveal the mechanism of the reaction, we find 
that two procedures are followed.: First, the change in the amounts 
of the reacting substances (reaction velocity) is followed as the 
reaction progresses with time. The temperature is kept constant 
during one such run. Other runs are made at different tempera- 
tures which cover the range which is to be studied. From such 
lata, the reaction constant and the temperature coefficient of the 
reaction can be ascertained. To the writer’s knowledge, Fraenkel 
and Heymann are the only experimenters who have made use of 
his procedure to study the transformations going on during tem- 
pering. 

In metallographical investigations, it is customary to temper 
samples for some specific time interval (usually 14 or 1 hour) at 
lifferent temperatures. The results of different tempering tempera- 
tures are then compared. The difficulty in interpreting such data is 
that the reaction has progressed to different stages at the different 
temperatures. For example, Fraenkel and Heymann show that 
the tempering of quenched steel has progressed 9 per cent at 78 
degrees Cent.; 24 per cent at 99 degrees Cent.; 53 per cent at 
160 degrees Cent.; 67 per cent at 200 degrees Cent. and 95 per 
cent at 360 degrees Cent. in 1 hour. The difficulties in inter- 
preting such curves (Maurer; Hanemann and Schulz; Heindel- 
hofer and Wright; and Scott, for example) are at once obvious, 
s are the possibilities of drawing varying and conflicting con- 
lusions. This situation suggests the desirability of securing suit 
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able data from which a quantitative analysis of the reactio. 
be carried out. 

The general course of the tempering curve shows an increase 
in density and a decrease in the hardness and electrical resistiy. 
ity. This change begins, undoubtedly, at room temperature, as 
is shown by the instability of quenched steel and the shrinkage 
experiment of Brush (14). A mathematical analysis of Brush’s 
eurve has failed to give positive evidence bearing on the nature 
of the reaction except that the property measured, shrinkage jy 
length, does not reflect accurately the change in the amounts of 
the reacting constituents. With increasing temperature this re 
action goes on with increasing velocity until, at about 355 de. 
grees Fahr. (180 degrees Cent.), another reaction begins to make 
itself felt in the customary time of tempering. This reaction js 
accompanied by an expansion, according to measurements made 
at room temperature after tempering. (Enlund.) The question 
as to whether this reaction goes on at room temperature super 
imposed upon the former has not been satisfactorily answered, but 
Seott, after carefully considering the evidence, has concluded that 
it does not. 

In view of what has just been recorded, it would be perti- 
nent to inquire as to the reason for the increase in hardness ob 
served on aging at room temperature (4). This is hardly to b 
considered as due to the same reaction that occurs at 180 degrees 
Cent. and may well be associated with a delayed Ar” reaction 
which is khown to be quite sluggish at low temperatures. This 
is particularly true if the steel is removed from the quenching 
bath before it has reached the bath temperature. As Jeffries and 
Archer have pointed out, room temperature aging is accompanied 
by a decrease in volume and not an increase, which would have t 
be the case were the delayed Ar” the only reaction occurring. 
However, the martensite which has already formed must begin at 
once to change into troostite, for no incubation period has ever 
been observed, and we may ascribe the shrinking as being due to 
the transformation of martensite occurring simultaneously with 
the delayed Ar”. 

Perhaps the best way to get a comprehensive view of the tem 
pering curve is to consider it as a transformation of an unstabli 
phase, such as ‘‘eta’’ of Hanemann and Schrader, into its eonstitu- 
ents, and that the reaction varies in velocity with the temperature 
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‘+) it is allowed to proceed. At room temperature the ve- 
becomes so low, after a time, that even after many astro- 
veal al ages, it would be only half completed. At 285 degrees 
Mahr, (140 degrees Cent.) the reaction is half completed in 2 
hours and at 390 degrees Fahr. (200 degrees Cent.) it is two- 
thirds completed in 1 hour. ‘The chief constituent 


a 


] if 


responsible 
for the reaction is known to be martensite but there is consider 
‘ble doubt as to the constitution of the phases formed. Measure- 
ments of the electrical conductivity and density, which clearly in- 
dicate the endpoint of the reaction, point to a earbide, FeC,, where 
n is about 10. On no other known basis can the variation in the 
reaction velocity with time be accounted for. Furthermore, tests 
for the carbide Fe,C fail to indicate its presence until fairly high 
tempering temperatures are used. 

Many writers have advanced views on the nature of marten- 
site but few have dealt in any detail with the mechanism of the 
transformation of martensite on tempering. It is only with the 
latter that we shall deal at present. Thus Maurer, Rosenhain and 
Honda, among others, account for the properties of martensite, but 
their pictures would not enable one to predict the course of a 
tempering curve. ‘The same may be said of the work of Hane- 
mann and Schrader, although their work is indispensable to the 
proper understanding of some of the important phenomena. Jetf- 
fries and Archer, in their hypothesis, which accounts for the hard- 
ness Of martensite as due to the small grain-size of alpha iron, 
ire more explicit. According to their hypothesis, carbon atoms 
form cementite particles which thereupon grow by diffusion of 
‘arbon through the iron lattice. Diffusion of the earbon atoms 
s held to be the factor which controls the rate of the reaction, 
even at room temperature. As diffusion proceeds, the cementite 
particles inerease in grain-size. Positive evidence either for or 
against this hypothesis would be difficult to adduce at this time 
due to the difficulties of dealing with grain sizes of the magnitude 
considered and the lack of specific information on the diffusion 
of carbon atoms through iron. However, such a hypothesis should 
be consistent with quantitative data and it may be well to con- 
sider certain facts in the light of a diffusion of carbon atoms. 

The temperature coefficients of diffusion phenomena, based 
na 10-degree Cent. rise in temperature, are known to be around 
1 to 1.5, Fraenkel and Heymann found the temperature coeffi- 
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cient of the martensite transformation to be around 
much higher than that of a diffusion phenomenon as 
to those experimenters that the rate of the reaction was 
erned by diffusion. Not until a temperature of abo. 
grees Fahr. (300 degrees Cent.) is reached does diffu: 
the reaction velocity. This assumption is verified by t! 
of an incubation period, for a transformation which dep: 
nucleation for its start and diffusion for its completio 
start off differently than is indicated by the data. Furthern 
the heat of reaction, as calculated from the data of Frae 
Heymann, is 28,000 calories per gram mol. and for the 
tures involved is far too high to be consistent with a provess 
diffusion. Rather, it indicates a chemical reaction, the san, 
the high temperature coefficient does. The same objections 
apply to Rosenhain’s hypothesis for he assumes that the s 
phases are already present in martensite. The changes which 
occur on tempering would be physical, rather than chemical, 
such an hypothesis is not consistent with the quantitative dat 
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The foregoing discussion places the transformations of «tie 
steel, whether the constituent be martensite or austenite, i 


eategory of chemical reactions. On this basis they may be expec 
to obey the laws of physical chemistry. In particular the str 
which are present in the quenched steel may be expected to afi 
both the transformations proper and the rate of transformatio 
different sections. 


UNEQUAL STRAINING DuRING TEMPERING 


A bar of quenched high carbon steel is not in a stable stu 
nor is it even in an unchanging metastable state if suttic 
accurate means are used to follow its changes. If the Ar’ 
is not completed at the end of the quench some of the rema 
austenite changes into martensite, at times over a consider 
time interval. This has been shown by Matsushita for 
steels (15) and is even more pronounced in alloy steels. [1 
tion the martensite changes gradually into troostite altloug! 
velocity of the change soon becomes extremely small. Thie stress 
in the steel are not uniformiy distributed, and, what is mor 
portant here, they are not uniformly released after quer 
The microstructure is likewise not uniform throughout the que! 
steel, so that on standing at room temperature or on tempe! 
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ited temperatures different sections will react differently. 
we have an effect apparently due to stresses, which re- 
sits in an appreciable transformation in the martensite before 
istenite begins to transform. This is shown on the usual 
oppering curves by the expansion which comes in between two 
ail ds of shrinking, and on the constant temperature curves of 
’raenkel and Heymann by a shrinkage which comes at the start, 
owed later by an expansion. Under these circumstances it is 
uite likely that volume changes will occur in different sections 
the steel at different times and produce dimensional changes 
n tempering which do not accord with the overall volume changes. 
Viewed in this light some of the anomolous dimensional changes, 
‘warping, can be readily accounted for. 

A l-inch bar of plain carbon steel quenched in water is mar- 
tensitic on the outside and troostitic in the inside. The outside is 
inder compression and the inside under tension. Tempering this 
steel tends to shrink the outside shell and therefore to release the 

mpressive stresses, while it tends to release the stresses on the 
uside, but not to change its volume appreciably. Neglecting the 
stress effect, we see that tempering tends to decrease both the 
length and diameter of a round bar. Including the stresses, we 
see that the release of the compressive stresses in the shell which 
hold the tension on the inside in equilibrium, allows the bar to 
shorten and to expand transversely. This change in length is 
dded to the shrinkage due to the volume-change while the trans- 
erse expansion is subtracted from the volume-change. From this 
e would expect the length to change more than the diameter and 
y an amount which is of the order of magnitude of the strain 
orresponding to the stresses involved. 

Viewed in this light, the shrinkage of the shell dominates the 

iensional changes, even during the expansion at the ‘‘peak.’’ 
elerring to Fig. 1, (f) of Seott’s paper (8) we see that the curve 
| the change in diameter lies above that of the length change. 
This faet is in close agreement with the view advanced here. Fur- 
thermore, the sharpness of the peak on the diameter curve is due 


} 


partly to the martensite shrinkage and only partly to the austenite 
pansion. 
The deep hardening, low alloy, steels are martensitic through- 
when quenched in water in sizes of 1 inch in diameter. This 
behaves differently on quenching than a plain carbon steel 
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does, and increases in length. This failure to shrink 

associated with the low stresses set up and would be du: 
pansion of the core at Ar”. Generally, the length increases yyoy. 
than the diameter and this would be due to plastic extensi, 
the outer shell during the early part of Ar”, although the initia) 
condition of the steel and the manner of quenching also affect this 
as has been shown by Storey (16). If the bar contained no ays 
tenite, tempering should cause a nearly uniform shrinkage. ; 
from martensite to troostite, except for the fact that the may 
tensite on the outside (in compression) should tend to transforn 
earlier. Tempering at 355 degrees Fahr. (180 degrees Cent. 
for customary intervals (short, or for 1 hour) should cause near\; 
uniform shrinkage. Tempering at 510 degrees Fahr. (300 degrees 
Cent.) should show an expansion, but due to the relative coy 
centration of austenite in the outer shell, the expansion should 
be greater there than on the inside and we may expect the lenet! 
to change more than the diameter. How much the difference should 
be can hardly be stated, but the low stresses indicates that 

would be quite small. We may also expect the ‘‘peak’’ to 

more rounded, due to the earlier transformation of the core. 
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If the bar is quenched in oil, the stresses are just reversed, 





i. e., tension on the outside and compression on the inside (Scott). 
Here we would expect the martensite on the inside to transform 
first, being under compression, but we have just seen that the 











stresses are apparently too low to have an appreciable effect o: 
the dimetisional changes due to this source. If there were no aus 
tenite present, the shrinkage at 355 degrees Fahr. (180 degrees 
Cent.) should be uniform. It may now be recalled that this stee 
when oil-quenched, contains an appreciable amount of austenite, 
sufficient to affect the volume-change or even to cause expans 

at temperatures below 355 degrees Fahr. (180 degrees Cent. 

From this we may reasonably expect a dimensional change {ro 

this austenite. During the quench, the outer shell passed throug! 
its Ar” when under compression, due to its own expansion and the 
shrinkage of the core. Afterward the core expanded and reverse: 
the signs of the stresses, but we may conclude that during the Ar 
reaction the outer shell has been largely under compression and 
the inner core largely under tension. This would produce mor 
austenite in the outer shell than in the core, in spite of the stress 
condition in the fully cooled steel. Reasoning on this basis, we 
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t the tension in the outer core, by 


tend to lengthen the bar and to decrease its diameter. 


accelerating the aus 
anite transformation, should expand the steel. 


This expansion 


This 


¢rain would be superposed on the martensite contraction, and we 
should expect the length to decrease less than the diameter. At 


‘wher temperatures, the situation is more uncertain for there is 





onsiderable austenite present and it transforms over a_ wider 
range of temperature than usual. 


This analysis of 


‘hanges and dimensional changes which are observed. 
chich cannot now be evaluated is the release of 


emperature per Sse. 


roumentation agree so well with Scott’s measurements. that the 


ous dimensional changes. 


Manuscript received August 22, 1926. 
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The writer is not sufficiently familiar with internal stresses in 
steels to intelligently discuss the larger portion of this paper. 
however to suggest that if the cause of quenching cracks and seaso1 
in metals could be fully explained this would have a far reaching 
avoiding a considerable amount of grief which the manufacturer a: 
metal is heir to. 

The writer does not understand the reason for the author’s stat: 
‘‘the stresses may not, at times, exactly balance each other.’’ This 
sumed, refers to the sum of the forces locked up internally in 
metal when no external forces are applied. The velocity at which stress 
elastically in steel is so high that it would seem to the writer that 
not be substantially so. The fact that changes occur in the values o! 
ternal stresses or in the volume of steel after quenching with slight 
of temperature or with time need not require such an explanation. 

In a ductile material when the internal forces acting are sufficient to brino 
the metal at any point to the yield point stress there is a flow phenom 
which oceurs with time which can have the effect of relieving the stresses 
this point very materially. This flow has been shown by Robertson" to o 
when once started at a much lower stress than the actual yield point. In | 
ease cited the yield point stress was 14 tons per square inch or about 314 
pounds per square inch. Flow occurred at 11 tons per square inch to a sti 
value many times that necessary to bring the metal in the initial part of 1 
test to the yield point. For this reason much relief of stress can be br 
about and at the same time the balance of internal forces can prevail thr 
out the occurrence of relief. 

The writer is of the opinion that the author has not sufficiently explair 
the phenomena which occur in steel when quenched and tempered. In us 
the method adopted by the author it is possible to find the stress distri 
in hot rolling, cold rolling or in quenching and tempering steel by the assu 
tion that with each layer of metal removed the summation of the remail 
axial forces is zero and that the change of length of the remaining port 
is elastically equivalent to the internal forces removed by the previous | 
It is only in simple cases that formulae developed by several investiga! 
ean be applied. 

To measure the radial and tangential forces caused in a solid cir 
eylinder by quenching and tempering is a most difficult matter. This 
quires the most sensitive apparatus, the most ingenious methods ani 
plete application of the mathematical theory of elasticity. 


Oral Discussion 


J. M. LessELts: The paper we have just heard from Dr. Hoyt 
tainly a very interesting one. It is very much to be regretted | 
papers as these are not preprinted, because there is no opportunit 
at the subject in detail. This particular paper by Dr. Hoyt will g 
doubt a great deal of valuable information. 


*“On the Drop of Stress at the Yield Point of Ductile Materials.”’ By 
Complex Stress Committee Report. British Association, Toronto, 1924. 
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ould like to ask one question and then make a suggestion. The ques 
if I understood the author correctly, he uses a test piece 12 inches 
| would like to ask what precaution he took to make sure there was no 
y of the test bar itself. A test bar 12 inches long and say an inch in 
r is a very difficult thing to heat treat and keep the test bar perfectly 
At the Westinghouse laboratories we have also been doing a little 
m this question of residual stresses, and on Monday I presented a paper 
ug some data on the relation between Brinell hardness and tensile strength. 
ld like to suggest to Dr. Hoyt that in his further investigation, he include 
me data on the strength properties, not only looking at the problem from 
metallurgical point of view, but looking at the problem from the mechan 
point of view. 
noes In this connection I would like also to draw his attention to the differ 
nees we observed on alloy and carbon steels. If we plot ultimate strength 
; ordinate and Brinell hardness as abscissa, as in the paper I presented on 
\londay I showed that under certain conditions we get a straight line rela 
tion between them. Taking the work of Gough of the National Physical 
Laboratories, and Professors Moore and Jasper for alloy steels, you will find 
that the point for the steel when quenched and tempered at the lower tempera 
tures will fall above the line, but when tempered at the higher temperatures, 
will fall on the line. 
part of t [ would like to bring attention to the fact that this may be due to the 
effect of hydrostatic tensile stresses, on the Brinell. In other words, Dr. 
5 Hovt has shown alloy steels to have a hydrostatic tensile stress. (I do not 
snow whether he means this can be generally applied) but assuming that this 
s the case for the above particular steels, (31% per cent nickel and 314 per 
- ent nickel-chromium,) then the effect of the tensile stress on the Brinell comes 
In other words, if you have a hydrostatic tensile stress, the Brinell hard 
ess may really be less, the material appearing softer than it otherwise would 
be, if there were no tensile stress present. With carbon steels, on the other 
and, the points lie below the line. Here we have a hydrostatic compressive 
stress and would mean a higher hardness than is really the case. 
O. Z. Kuopscu: This paper of Dr. Hoyt’s is very interesting. With car 
on steel one inch in diameter, we know both from Scott’s theoretical curves 
Old CLT { 


nd from some actual curves that the cooling curve for the center would be 


r. This something like this, the curve for the surface like this and other points in be- 

and tween. Therefore the outside fibers will pass through the Ar” range before 

center gets to the Ar’. In other words, we will not have troostite at the 

ter at the same time that martensite is formed at the outer fibers, for they 

vill have already cooled through the Ar” range before the center has passed 

te ’ irom the gamma condition. The condition that Dr. Hoyt discusses therefore 

a . s never really obtained at any one particular instant but rather over a period 
” time. I wished only to call attention to these facts. 

: ‘he g \. V. DeForest: I would like to call attention to the hoop tension 


si TeSSeS 


in those quenched affairs, because in actual practice the tool always, 


ost always, fails from hoop tension and not from the longitudinal stres 
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ses, so that in the case where the outside is in tension, the cracks 
tudinal. 





There are also a few observations possible from experience wit 
ing dies that have a hole in the center. There the conditions are 





it is possible to suck the thing in by quenching it from the inside, 
it in by quenching from the outside, and the relation of those two 
methods of treatment is quite interesting in regard to the number ot 

















. account rather than a solid cylinder. 








A. L. Davis: Without trying to labor this point unduly, yo 








interested in an example of distortion arising from repeated quenching 





die of originally somewhat similar shape. It tended to approach t! 





described by Dr. Hoyt, decreasing in one diameter and increasing in anoth 








in order to do so. In another case, that of a rectangular oblong piece, event 





ally the shape approximated the spherical, after several hundred req 
H. J. Frencu: I think it is rather unfortunate that Dr. Hoyt’s 
was not preprinted, and perhaps the question which I am going to ask 











would not be necessary had we had an opportunity to see his results bef 





this meeting. 





I gained the impression from his presentation that he was able to quant 





tatively predict dimensional changes in steels from certain mathematical r 





tions and some stress determinations and I would like to ask whether 








computations of this sort there is involved at one stage or another consid 





ation of the temperature drop. Investigators have so far largely made us 





theoretical cooling curves in which, for water quenching, it is assumed that + 





surface instantaneously reaches the final cooling temperature. In checking son 





theoretical cooling curves over a very wide range of conditions, some years ag 





with actual cooling curves obtained both in our own laboratory and in 





lished reports, we found serious discrepancies. I wonder therefore wh 





these predictions hy Dr. Hoyt are actually quantitative, and, if so, whether 





not they represent special conditions. I am very much interested in findi 








dimensional changes. 





There are also other factors which come into play, namely, the init 
dition of the steel as affecting the final dimensional changes observed in har 
ening, the quenching temperature, and the condition of the water. 














and other factors. 





Author’s Reply 








trying to formulate a general picture of the effects of internal stresses 0! 





peculiar dimensional changes, warping, ete., which are observed to occur 





steel during quenching and tempering, and that the hypothesis is on « q 








tive basis. We have only to assume that, for one reason or anoflie! 








volume changes occur in different parts of the steel at different times. | 
(Continued on Page 658) 











by cracks. I think that that method of experiment might also be taken jy} 


Pape 


pression is correct. My reason for asking that question is just this; in most 


out whether it is possible from such theoretical calculations to reliably predic 


refer solely to the temperature of the water, but freedom from dissolved gas 


To Professor Jasper, and Mr. French, I would say that [ am simp 
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OBSERVATIONS ON THE MICROSTRUCTURE OF THE 
PATH OF FATIGUE FAILURE IN A SPECIMEN 
OF ARMCO IRON 


By Francis F. Lucas 
Abstract 


This paper describes a co-operative study of the 
nicrostructure of the path of fatigue failure conducted 
of 2 under the auspices of the National Research Council. 
the am The paths of fatigue failures in specimens of Armco 

noth iron are shown. Non-metallic inclusions act as ‘‘step- 
i ai ping stones’’ for the crack. Inclusions seem to influ- 


ence the origin and trend of the crack. Grain boundaries 
t's pape do not appear to be a potential source of weakness. 


Its befor F r 1924 the National Research Council Division of Engineering 
requested the co-operation of Bell Telephone Laboratories 
then operated as the Engineering Department of the Western 
Electric Co.) in the Fatigue Phenomena of Metals Investigation 
hs tee weal eing conducted by Professor H. F. Moore at the Materials Testing 
r consid > Laboratory, University of Illinois, Urbana, Illinois. 
ade use of The Metallographie Laboratory of the Bell System was re- 
— quested to undertake a microscopic examination of the path of 
fatigue failure in certain specimens tested by Professor Moore with 
a de al the object of determining the microstructure of the path of failure 
re whether The committee in charge wished to know how the fatigue cracks 
ther originate, how they progress across the specimen and the structural 
conditions which promote resistance to fatigue failure. 

‘or the purpose of discussing the Laboratories’ participation 
nitial e ; in the fatigue-of-metals activities of the National Research Coun- 
ed in har ‘il, a conference was held in New York early in 1925. There were 

lo not » present: Mr. W. Spraragen, Secretary—Division of Engineering 
and Industrial Research—National Research Council; A. D. Flinn, 
Director of the Engineering Foundation: Professor H. F. Moore; 
Dr. H. Clyde Snook, the Laboratories’ representative on the 


\cknowledgment is made to Bell Telephone Laboratories, Inc., for their 


to I ourtesy in furnishing the half tone reproductions illustrating this paper. 
mn a q : sa . : 

\ paper presented before the Chicago convention of the Society, Septem- 
iri 


tr <U-24, 1926. The author, Francis F. Lucas, is associated with the Research 
horatories Of Bell Telephone Laboratories, Incorporated, New York City. 
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National Research Council’s Advisory Committee for the | 
of Metals Investigation; and other members of the technic: 

The conference disclosed that little, apparently, was kyoy 
concerning the actual mechanism of fatigue failures. Pri fesc 
Moore had been studying various methods of approach which mjc}; 
disclose new information of value on the fatigue phenomena. |], 
had designed several types of testing machines in which the spe 
men could be mounted in such a way that it could be examine 
microscopically without removing it from the machine. Unforty 
nately the limitations of high power metallography prevented {\) 
adoption of this method of investigation. 

As a preliminary step it was decided that Bell Telephone 
Laboratories would use their facilities and personnel to examin 
a specimen of Armco iron which had been tested to destruction }) 
Professor Moore. Armco iron was selected because it is the pures 
commercial form in which iron may be obtained. Such a specimen 
it was thought, would offer the fewest number of structural compli 
vations and any information derived from a study of Armeo iro 
would have some direct bearing later if the study of steels wer 
undertaken. Guided by their observations on this preliminary 
specimen Bell Telephone Laboratories would make some further 
recommendations as to additional specimens. This plan was cai 
ried out and the results of the preliminary investigation were made 
available in report form to Professor Moore. At that time an addi 
tional specimen was requested which had been subjected to reverse 
eycles of stress sufficient to cause the appearance of a visible crac 
but not to cause final rupture. The reason for this will becom 
apparent as the work of the Laboratories is discussed. 

Both specimens have been carefully examined at high powers 
and the paths of failure in each case photographed at representa 
tive stages from the origin to the end of the erack. At the request 
of the committee the results of these studies are being made publi 
for the benefit of those interested in the subject. 





































DESCRIPTION OF SPECIMENS 


The general form and the approximate dimensions of thie {Wo 
specimens examined were the same. (Fig. 1). 

The preliminary specimen was broken after the following cycles 
of stress: 1,313,600 cycles of reversed flexure with a maximum val! 


- 


of unit stress of 24,000 pounds per square inch; 1,875,200 cycles 
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sed flexure with a value of maximum unit stress of 25,200 
pounds per square inch; and finally 115,300 cycles of reversed 
Joxure with a value of maximum unit stress of 26,400 pounds per 
square inch. 

~The unbroken specimen with the approximate locations of the 
‘vo eracks is shown in Fig. 1. The cracks were detected after 
36.900 eyeles of reversed flexure with a maximum value of unit 
stress of 25,800 pounds per square inch. The broken specimen 
lescribed above failed in substantially the same place as indicated 
for the unbroken specimen. 

The physical properties of the metal were given as follows: 


Proportional Elastic Limit .................. 16,100 pounds per square inch 

Wie PN El ea Be ha aw ui nbd on pounds per square inch 
nelle BGRGUIIEN 0 c2esvaensesess sseeeeeeess 42,400 pounds per square inch 

Blonsation 0b TT op i.cs be wc secs aces sccss 48.3 per cent 

eisai Mi Se aR Pade a det a gd Ble g hid he. is 76 per cent 

otaien e000, Seen ome oe So ek ee 69 

Endurance Limit (rotating-beam test) ....... 26,000 pounds per square inch 


The chemical composition was reported as follows: 


Per Cent 


SON 4 bw sade ph aes «ode eee Oe oe 0.02 
NE ak ia a ine pees D4 pa bk oe Cee a el ee 
Manganese lg dons vo 0id ale hee a eg 
SUE fe on oo wa ek kw alee ee 6 we 0.005 
ET Silas Wn es au paaee wade bea tes ole 0.042 
a Sy ee ei ae, 


PREPARATION OF SPECIMENS 


The preparation of the specimens for metallographic examin- 
ation was in accordance with the practice described elsewhere and 
need not be repeated.’»? Precautions were taken in each case to 
secure a flat surface out to the very edge of the specimen. The 
specimens were examined in planes parallel to the broad faces and 
‘ach specimen was re-prepared a number of times. The structures 
vere visually examined at varying depths from the surface inward. 
lt may be said with reasonable certainty that the photomicrographs 
eproduced herewith are representative of the structures found 
hroughout the depth and length of the cracks. 


High Power Metallography-—Transactions, American Society for Steel Treating, Novem 


ix III, Sauveur, ‘‘The Metallography and Heat Treatment of Jron and Steel’ 


Nints } 


by the writer of this paper on preparation of specimens. 
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EXAMINATION OF PRELIMINARY SPECIMEN 


The extreme edge of the path of failure was studied 

powers and from this examination the following conclusi 

reached tentatively : 
In relatively pure iron (Armco iron) the impurities myy 
exert a profound influence on the behavior of the mets 
when subjected to reversed cycles of stress. Cracks reser 
bling tears penetrate the metal from the path of failure 
Grain boundaries apparently are not a source of weaknes 
and, in fact seem not to have a controlling influence 
the trend of the cracks. The failure follows a path marked 
by inclusions some of which have been dislodged. 

From this preliminary study completed in April, 1925, it ap 
peared desirable to have a specimen for examination which had not 
been tested to final rupture but only to a point where a well de 
fined crack appears. Such a specimen can be prepared more ad 
vantageously for microscopic examination than a specimen wit! 
one broken face. In the former case the crack can be located mid. 
way of the specimen by suitably cutting the test piece, but in the 
latter case the broken edge of the specimen must be examined 
This means that the specimen must be polished flat to the ver 
edge of a rough surface. 

Moreover, in the unbroken specimen the trend of the crack 
could be determined with certainty and without complications re- 
sulting from damage to the broken faces at the time of final rup- 
ture. Since the unbroken specimen confirms fully the conclusions 
deduced from a study of the path of failure in the broken specime! 
the latter will not be dealt with further at this time. 












EXAMINATION OF UNBROKEN SPECIMEN 












Fig. 2 shows one of the broad faces of the specimen with the 
erack made visible by rather deep etching. As prepared for high 
power work the crack is so fine that it would be almost invisible at 
the magnification of 5.8 x used for this photograph. 
this difficulty, the cracks were developed by etching so that their 
location and penetration into the specimen would be evident. nl) 
one crack is shown, the other is of similar configuration but extends 
inward from the edge diagonally opposite. 

The photomicrographs reproduced herewith were take 
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‘he unbroken specimen and consist of two series. Since two cracks 
ippeared in diagonally opposite edges, one series relates to a 
random section through one crack in a plane parallel to the broad 
faces of the specimen and the other to a similar observation plane 
through the diagonally opposite crack. 

The plan followed was to photograph a series of representative 
selds from the origin to the end of each crack. The photographs 
are not a continuous series or panorama and discontinuities exist 
n some cases between succeeding photomicrographs. A few addi- 
tional photographs have been taken to illustrate some details of 
s+~ueture such as the character of inclusions found in the metal. 

The reproductions of the high power photomicrographs are 
rranged so that in each case the erack is proceeding from left to 
right. Im some eases succeeding illustrations show fields closely 
idjacent; in others appreciable gaps intervene. The object has 
een to illustrate representative structures alone the cracks. 

For one series of pictures the specimen was etched lightly to 
avoid, as much as possible, widening of the crack. 


In these pic- 
tures erain boundaries have not developed. 


It was of importance 
to know whether grain boundaries influenced the trend of the crack 
ind with the object of answering this question another series of 
pictures was taken with the specimen etched more deeply. 

For the series of pictures, Figs. 3 to 17, the specimen was 
iched very lightly; therefore, the grain boundaries have not devel- 
oped. The erack has been widened by the etching reagent but not 
to an appreciable extent. The specimen was etched with nitric 
iid. The magnification is 3500 x. 

Fig. 3 shows the origin of the crack at the extreme edge of 
the specimen where apparently a large inclusion existed or there 
vas an indentation of the metal. On some planes of observation 
the structure at the origin of the crack appears quite homogen- 
, inclusions or indentations were not found in all planes. 
The crack progresses inward and passes around or through voids 

in reality cavities formerly occupied by solid non-metallic ineclu- 
sions. It was observed that in most cases the crack prefers as its 
path the boundary between the non-metallic inclusion and the 
metal, rather than to traverse the inclusion. 

In Fig. 3, and in fact throughout the series of photomicro- 
traphs, many small black particles are seen. These are believed to 
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be inclusions of the same general nature as the la 
which are more plainly seen and whose structure 
studied. In some cases small cavities are found and it may be +} 
these cavities once were occupied by inclusions which during ¢) 
process of preparation of the specimen became dislodged. 1) 
these small inclusions play a part in fatigue failures of it 
studied seems quite probable. It will be observed quite frequent 
that lateral cracks extending from the main crack end 

small inclusions or include many of them in their path. 

In order that a true perspective may be had of tli 
afforded by the high power pictures a few dimensions are 
below. For instance in the series of pictures, Figs. 3 
3500 x: 


Microns 
The area included in the photomicro- 
graphs actually measures on the 
Ce eee eee 0.001L6x 


The average diameter of the large in- 
elusions (Fig. 16 for example) 
actually is about 


The average diameter of the small in- 0.14 
clusions visible as tiny black specks (Min. about 
actually is about 0.07) 


The width of the crack near its end Max. 0.3 
(Fig. 13) is about Min. 0.14 


That the cavities result from inclusions dropping 
»reparation was demonstrated in the course of the investigat) 
On one occasion, the specimen was re-prepared several times 
succession and in one place (Fig. 27) the crack traversed 
boundary between the metal and a large inclusion. Subseque! 
the inclusion dropped out during preparation and left a 
such as these shown along the crack. 

Whether the physical disturbance of the metal structure 
the reversals of stress has loosened the bond between the meta! 
the inclusions in the path of failure or whether the inclusions 
inherently seated loosely in the metal has not been full) 
termined. It does appear, however, that many of the cavities we! 
observed to be along the path of failure if not actually 
cracked area. 

Figs. 6 to 14 show gradual changes in structure of t! 
from the origin to the end which is visible in Fig. 14. 
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oracteristiecs have been discussed above so that it is not 
ogsary to take up each picture in detail. The path of the crack 


- fom one inclusion to another with here and there detours to one 
jde or the other, which cannot always be accounted for by details 


structure appearing in the plane of observation. It must be 
n mind that conditions either above or below the plane of 
servation may have exerted the controlling influence. 

The end of the crack is shown in Figs. 13 and 14. Fig. 
erack 
s it appears in Fig. 13 is trending directly toward the in- 
sion shown in Fig. 14. One of the inclusions shown in Fig. 15 


s the same one shown in Fig. 14. If one examines the photographie 


nt of Fig. 14, there will be noticed a suggestion perhaps of 
nient eracks extending to the large inclusion. 

\ strained condition in metals, not shown by very light etch- 
is often revealed by deep etching, as is well known. This speci- 
was re-etched several times for short intervals of time and 
mined at high powers between successive etchings. Soon the 


rack developed and extended to the inclusion. The final condition 
s illustrated in Fig. 17 and to further clarify the illustrations 


field shown by Fig. 17 has been indicated by dotted lines in 
l4. It seemed quite evident from this deep etching experi- 
ent that the metal all along the crack is in a strained condition. 
le width of this strained band of metal as measured by the eye in 
ewing the photographs appears quite appreciable but actually 
one shown in Fig. 17 including the crack is only two or 
ree thousandths of an inch in width. It will be seen that the 
rained metal appears to flare out from each side of the crack in 
z. 17 and seems to be practically nil at the inclusion. Nearer 
origin of the crack the width of the strained zone appears 


+ 


eater, but probably does not exceed a few hundredths of an inch. 


servations seem to show that a fatigue failure is a highly local- 


| condition. 


ig. 16 shows typical inclusions at random and without 


ticular reference to the crack. The large white inclusions are 


eleved to be iron carbide. It will be seen a little later that they 


iu with sodium picrate. These inclusions are not a source of 
“akness but seem to be a strengthening element since the crack 
ids them throughout. 
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The dark inclusions are slate-blue in color but ofte , 
not composed of a single constituent but are ‘‘tipped’’ wit} 
light constituent or a black one. Sometimes all three constity, 
occur in the same inclusion. Occasionally the slate-blue constitye) 
is ‘‘tipped’’ or partially surrounded with the lighter coustituey; 
and sometimes fully so. The light constituent is straw-yelloy 

















color and is believed to be iron carbide possibly contaminated. 
iron carbide usually is clear white. When these ‘‘tipped’’ jnely 
sions occur along the crack, the crack seems to avoid the tipped 
end but does enter between the metal and the slate-blue coy 
stituent. 























The light, straw-yellow constituent stains with sodium picrat: 
in the same manner as iron carbide. Perhaps the best way 
describe the manner in which the inclusions are held within +! 
metal is to say that the metal seems to ‘‘wet’’ the carbide inclusions 
thoroughly but not the other inclusions. 























In the series of pictures, Figs. 18 to 33 inclusive, the 0 





site face of the specimen was etched deeply enough to develop | 

grain boundaries. This, of course, widened the crack considera)|) 
and also developed incipient pitting of the iron. In this series 
the inclusions are much less abundant than in the series alread 

















described but in general the erack seeks the inelusions. The mag 
nification for this series is 2170 x. The details of structure ar 
much the same as those previously observed but it is quite apparent 
that grain boundaries are not a path of weakness since we find 

















the era¢k crossing the grain boundaries, paralleling them, or | 
lowing them with equal freedom. It may be said, I think, thai 
the grain boundaries are conveniently located and oriented t! 
erack will follow them. 














In Fig. 30 the end of the crack is shown trending toward 





duplex inclusion. Just ahead, as shown in Fig. 31, a streak of 





elusion is seen. 








Figs. 32 and 33 are typical inclusions selected without rele! 


ence to the crack. For these two pictures the specimen was etched 
with sodium picrate but for all others the specimen was etched 
with nitric acid. That the inclusions are composed of more thal 
one constituent seems quite evident. 


Visual examination of these specimens at high powers 























presses one most decidedly that the ordinary chemical analysis ¢ 
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a true estimate of the amount of impurities present in 























: ron. The assumption, of course, is that many of the in- 
sions must be oxides. Ferric oxide, for example, when prepared 
“ scopic examination appears to have much the same appear- 
the slate-blue inclusions found in the Armeo iron. 
Visual examination and the photographic results show that the 
\rn ron contains innumerable inclusions of small magnitude 
ertheless the included matter seems to have a decided bear 
the ability of the metal to withstand fatigue. 
In a recent paper*® on ‘‘Corrosion-Fatigue of Metals’’, Me 
\dam deseribes the results obtained with certain steel specimens 
rocted in a water stream. He states: 









‘As the specimens so tested were entirely surrounded 
yy the water stream they had not become rusty at the 
nd of this time interval (1144 to 4 hours) but appeared 
fairly bright. On closer examination, however, small 
spots of dull appearance were visible without a hand 
ens. When these spots were examined at higher mag- 
nification the cause of the damage to the endurance 
properties was apparent. 

—Some of these spots are oxide patches each sur- 
rounding a non-metallic inclusion or pit from which an 
inclusion has been removed,——-some of the spots show 
no decided oxide patches but consist of inclusions (or 
pits from which inclusions have been removed) from 
which eracks have started. The cracks are all nearly 
transverse to the axis of the specimen.’’ 





The inclusions deseribed by MeAdam may be of an order of 
iwnitude greater than those dealt with in this paper. He con 
des that non-metallic inclusions have a harmful effect on the 











durance properties of iron and steel. 
During the work on the fatigue specimens a secondary struc- 
was developed at high powers irrespective of the location of 
the fatigue crack. This secondary structure appears to be an in- 
erent characteristic of Armco iron and probably results from 
preparation or fabrication of the metal. Since it seems not to be 
led up definitely with the fatigue resistance characteristics of the 
etal, it will not be dealt with at this time. 


ire 





s8-Strain-Cycle Relationship and Corrosion Fatigue of Metals,’ D. J. McAdam, Jr. 
ed before the 29th Annual Meeting A. S. T. M., June, 1926 
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SUMMARY 


The results of the investigation to date may be sumn 
follows: 

1. Non-metallic inclusions in Armco iron are a 
source of weakness when such metal is subjected to reversed eye] 
of stress. 

2. Iron carbide when occurring as inclusions in Arm 
is not a source of weakness. 

3. Non-metallic inclusions seem to be insecurely seated j) 
metal and the boundary between the inclusion and the metal 
path often followed by the fatigue crack. 

4. The non-metallic inclusions act as ‘‘stepping-stones”’ 
the fatigue crack. (A description suggested to the writer by Dr 
J. A. Mathews and adopted as a most appropriate analogy. 

®. Grain boundaries do not appear to be a potential soure 
of weakness. 

6. Reversed eycles of stress appear to produce disturbances 
the structure of the metal in advance of the visible crack, as dis 
closed by light etching. This condition at times can be disclosed b 
deeper etching. 

7. Disturbances in the metal structure adjoining the path 
fatigue failure seem to be highly localized to the immediate neig! 
borhood of the erack. 

8. Shp planes, strain lines, Neumann bands or other simila! 
markings were not found if the strained condition of the metal in 
mediately adjoining the crack is disregarded. 


Oral Discussion 





J. M. LESSELLS: There are one or two points which should be mentio 
The first is 1 would like to draw to Mr. Lucas’ attention that from the sp 
men he showed it seems to me that the path of fatigue has been mo 
predetermined. In other words, he uses a specimen where there is a sll 
stress concentration, and I would like to ask him if this will affect the res 
in any way. 

The second point I would like to make is that it is to be hoped that M 
Lucas will extend his work to other steels. There has been a certain amo 
of other work already done, and I refer to that published by H. J. G 
the National Physical Laboratory in England, but it is to be hoped 
will extend his work to, say, heat treated steel. In the case of ArmMo 
we know that the endurance limit—I think this point was stressed by 11 
sor H. F. Moore—is much higher than the elastic limit in tension, whereas 


heat treated steel, say nickel-chromium steel, the endurance limit 
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t for such a material you may get a proportional limit of 80,000 


square inch and an endurance limit of 50,000. Moreover, in 


[ think I am right in saying it is comparatively easy to study the 


tigue, but in those heat treated steels, where the crystals are much 
ly divided, it is a much more difficult problem. ‘To my mind this 
magnification might throw some light on this phenomenon. 
H. Sryri: It is with extreme pleasure that I have had the oppor 
listen to this talk and the opportunity to view these fine pictures, 


wonder if you all realize the importance of impurities like slag on t! 


ri 


a) 


and 2—Illustrating Failures of an Inner Bearing Race and a Ball 
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fatigue resistance of steels. In our work on fatigue of ball bearin 
for years been aware of the great danger of masses of impurities a) 
tried to emphasize on our sources of steel supply, how very import 
have clean material. 
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Figs. 3, 4 and 5—Photomicrographs of Chromium Bearing Steel Showing S! 
and the Beginnings of Fatigue Cracks. Mag. 100x. 

To illustrate, I would like to show where fatigue in ball bearings 
and by means of some pictures add something to Mr. Lucas’ talk. 
istic fatigue failures are shown in Figs. 1 and 2, illustrating failu 
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e and of a ball. In sixty per cent of the cases of ball failures, | 
we can trace them to slag inclusions. In the inner race this cause 
t to find, and likewise in the outer race, because of the nature of the 
but when we take a cross-section of a race after certain test condi- 
ns. find the slag material is disturbed, and by careful polishing and 
find a characteristic structure much resembling streaky troostite. Some 
e streaks are sharp and well developed and we have found them even 
the piece has not failed. The photomicrographs shown in Figs. 3, 4 and 5 
een taken just below the surface on races which have not failed, where 
not find any sign of failure on the surface. 
(he material is chromium bearing steel of a Brinell hardness of about 
The slag inelusion is about 0.0004 of an inch in diameter, and the crack 
s the beginning of a fatigue crack. (Fig. 3.) These pictures were taken by 


Walp in our laboratory at 1000 diameters magnification. The second one 


shews starting fatigue cracks and the slag inclusion is about 0.0002 of an inch 


n diameter. (Fig. 4.) The third one shows the beginning of fatigue cracks 
5.) 

CHAIRMAN JEFFRIES: If there is no further discussion, before Mr. Lucas 
loses I would like to call attention to one point, and that is that the non 


re we did not happen to strike the slag inelusion. (Fig. 


etallic inclusions in soft material like ARMco iron actually raise the elastic 
imit and tensile strength, so that it is especially interesting to find that such 


inclusions lower the fatigue resisting properties of one of these materials. 


Of course, that only goes to show what we have suspected for a long time, 


+} 


iat the mechanisms of fracture must be inherently different, inasmuch as the 
fracture of fatigue takes place without reduction of area and the fracture in 
tensile test of one of these soft materials takes place with marked reduction 
f area, and the function of the nonmetallic inelusion in the tensile test is 
bviously simply to act as a resistance to slip along the slip planes of the 


{ 


rystals, and they funetion effectively in that capacity, because they are 
arder than the material in which they are imbedded. The fact, however, that 
such non-metallic inclusions do not have any considerable adhesion to the 
metal would certainly be favorable for the fatigue fracture, which takes place 
vithout substantial general deformation and without reduction of area. 
Written Discussion: By A. V. de Forest, metallurgist, American Chain 
mpany, Bridgeport, Conn. 

\s usual, the extremely clear photographs taken by Mr. Lueas give us 
new knowiedge of whatever phenomena he chooses to study. In this case 

supplies long needed evidence that fatigue failures follow a particular 
type of inclusion. It is greatly to be hoped that more work along the same 
ine will settle the interesting question as to what happens when there are 

nelusions for the crack to follow. 

\ further point of great importance in understanding the mechanism of 
igue is the question of what changes in stress or structure precede the 

tion of the erack. In other words, does a certain repeated deformation 
oduce a permanent alteration in the general volume of the metal or only 
| microscopically thin section which is to be occupied by the crack. Does 
hanged portion reach out and locate the inclusions, as appears possible 


photographs, or does the crack continue its course haphazard as 
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directed by the metal in its immediate path? As Mr. Lueas in 
inclusions themselves may have effects at a distance which warn th: 
their presence, some attracting and others repelling its advancing e 
In the present case there seems to be no change in the whole 
metal, which presumably has suffered the same stress, but perhaps 
same strain as that in the path of failure. More work is urgently ; 
decide this point, for it is of considerable practical importance. For 







if it be established that concentrations of strain are necessary as a p1 
to erack formation, there should be an improvement in fatigue life 
erate heat treatments at suitable intervals. If, on the other hand, t 
supplied to the test specimen is at once utilized in forming the 
redistribution of stress is of no great value. 










This paper seems to me especially valuable in showing that with ski 
handling, high power microscopy can become a valuable tool to the eng 
as it has already become the main stay of the metallographer. 

Written Discussion: By H. F. Moore, research Professor of Engin 
Materials, University of Illinois; in charge, Investigation of the Fatigu 
of Metals. 


Mr. Lucas’ paper is a fruitful excursion into one of the most promising 


rin 










regions of the field of the fatigue of metals. His paper not only describes 
clearly the phenomena observed, but emphasizes in a vivid way the importance 


of minute inclusions as ‘‘ stepping stones’’ for fatigue failure. I believ 
his work shows more clearly even than the previous work of metallogr 
how our conventional concepts of stress and strain must be modified whe 
we consider fatigue failure of metals. We have thought of metal as hom 
neous and capable of indefinite division without change of properties. As 
regards elastic strength,—the determination of some value called an ‘‘elast 
limit’’—this is a practical working concept because a considerable mass o! 
metal must be distorted before inelastic action can be detected, but in 
sidering fatigue strength this concept is not altogether satisfactory becaus 
the progressive spread of a fatigue crack in its early stages involves a 
small mass of metal. 


; 
NTS 





















Mr. Lucas’ paper suggests strongly the reasonableness of A. A. Ciriflit 
theory of failure of metals. This theory is: that scattered throughout th: 
of a piece of metal there are vast numbers of minute flaws or discont 
ties quite regularly distributed. These flaws are for the most part 
smaller than those shown by Mr. Lucas. The intensified stress at these dis 
continuities accounts for the great difference between the measured tens 
strength or shearing strength and the theoretical cohesion of the metal, 
is much higher. 

The speaker considers the American Society for Steel Treating very fort 
nate in receiving this paper of Mr. Lucas and the National Research Comn 
tee on Fatigue Phenomena very fortunate in securing the cooperation 
sell Telephone Laboratories and of Mr. Lucas. 

Written Discussion: By J. Muller, research engineer research departn 
A. O. Smith Corp., Milwaukee, Wisconsin. 


*Phenomena of Rupture and Flow in Solids,” Philosophical Transactions, R 
A, Vol. 221, p. 168 (1920). 
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aper presented by Mr. Lueas is indeed a valuable contribution 


answer to the question of fatigue of metals. 


writer agrees with the author that numerous cycles of stress in 


I 


e likely to break the bonds and loosen the inclusions which are 


n the path of the crack. It does not seem likely, however, that 


n 


t 


Crack at Surface of Armco Iron. Thickness of Specimen 0.100-Inch 
Fatigue Crack 0.011-Inch from Original Surface f Arn Iron Mag 


are the controlling factor in directing the path of the fatigue 
threugh the material. 

writer believes that the author’s high magnification photomicro 
ave obscured an aspect of the fatigue question which is obtaimed 
magnification. 


writer finds that in lower magnification photomicrographs the crack 


include inclusions which it may be properly expected to include. 


k as seen at this magnification appears jagged and does not seem 


larly seek inclusions. The abrupt change of direction of the crack 





TRANSACTIONS OF THE A. 


Iron. Mag 





STUDY OF A FATIGUE CRACK 


Fatigue Crack at 0.022-Inch from Original Surface of Armco Iron. Mag. 


350x 
Fatigue Crack at 0.026-Inch from the Original Surface of Armco 


Iron Mag. 350x 


suggests that at these points of change the crack follows the crystallographic 
planes in the grain and sometimes along the grain boundary. The jagged 
ippearance of the crack and its continuous change of panorama as layers 


ire removed found by the writer in the same materials, fatigued in the same 
machine as those used by author, are shown in Figs 1 to 6. 


From these figures it appears that the influencing factors in the devel- 
pment of a fatigue crack are more complex than stated by the author. The 


problem is three-dimensional. The writer would suggest that the crystallo- 
graphic planes in the grain about to crack and the nature of the crack in 
eceding grain that failed, as well as the orientation of these grains 


ng and supporting them, together with the weaker bond found be- 
certain dissimilar materials influence the path of the crack. 


‘igs. 7 to 10 are submitted as a partial answer to a question asked during 
liscussion of the author’s paper as to the nature of fatigue failure in 


ier materials. Fig. 7 shows a fatigue crack in 0.49 per cent carbon steel 





7 


Fig. 6—Fatigue Crack at 0.031-Inch from Original Surface of Armco Iron 
Fig. 7—-Fatigue Crack in 0.49 Per Cent Carbon Steel Normalized. Mag. 350x. 


normalized, the crack is much straighter than the one found in Ar) 
Figs. 8, 9 and 10 (pages 549 and 550) show a fatigue crack in a 0.93 per 
earbon steel normalized. The crack passes around the cementite lamell 
seems to favor, in this eutectoid steel, the boundaries between the tv 
stituents. 


Author’s Reply to Discussion 

The interest in the preliminary results of this cooperative study, as 
flected by the discussion, is gratifying to those who have been interested 
carrying out the investigation. The publication of the preliminary 
brings forth some confirmatory evidence and also raises several questio 

We are grateful to Dr. Styri for his contribution. He has show! 
practical significance of included matter in balls and ball races of bearings 
and the harmful effects which may be expected. Dr. McAdam, Dr. Styri, and 
others (who have written us privately), have confirmed the origin of fatigu' 





STUDY OF A FATIGUE CRACK 


rig. 8—Fatigue Crack in 0.93 Per Cent Carbon Steel Normalized. Mag. 350x. Fig. 9— 

tigue Crack in 0.938 Per Cent Carbon Steel Normalized. Mag. 2000x. (Muller’s Discussion.) 
racks in nonmetallic inclusions. This naturally raises the question as to 
what happens when nonmetallic inclusions are not present. How do fatigue 
cracks originate? Are the cracks intererystalline? Do the grain boundaries 
then become a potential source of weakness? Can iron be secured sufficiently 
ree from included matter so that the effect arising from this source may be 
negligible? What will be the effect of grain size and of preferential orienta- 
on on the trend of fatigue cracks? 

The discussion brings out, we think, the interest which would be mani- 

tested in extending the study to include steels which have been heat treated. 

The high power microscope; the ultra violet microscope, and the new high 

power objectives (mono-brom-naphthalene immersion of N. A. 1.60) bring all 
of these steels, even the finest structures of hardened magnet steels, within 
our range of vision. The possibilities of the ultra violet microscope and the 
objectives of N. A. 1.60 have barely been touched upon, but the technique 
their application is sufficiently advanced to make them available for ex- 


+ 
UOT 
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Fig. 10—Fatigue Crack in 0.93 Per Cent Carbon Steel Normalized. Mag. 5000s 
ler’s Discussion.) 


tending our range of vision—a condition which was not true when the fatig 
work was first undertaken. With the tools available and the technique 
least partially developed the limitation now becomes largely one of tir 
available for such investigations. 


Mr. J. Muller expresses the view that the high power microscope 
placed undue emphasis on the significance of inclusions and that in som 
cases fatigue cracks ignore some of the inclusions seemingly in the path o! 
the crack. is obta 


nickel 


ehined 


In the paper it is pointed out that we must think in terms of 
dimensions, i. e., conditions above or below the observation plane may 
exerted the controlling influence on the trend of the crack. We d 
that it would be difficult for one to study the specimens in question and 
conclude that nonmetallic inclusions are predisposed to influence th 
and trend of fatigue cracks. In the paper, conclusions are given, supported mac 
by evidence, that grain boundaries do not appear to be a potential soure 
of weakness; but if the grain boundaries are conveniently oriented the crack 
will follow them. There is much to be learned about crystallographic planes 
The improved methods at hand for increasing resolution give promise 
fulness in this field. 


secure 
purpos 
the eo 
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sMOOTH FINISH MACHINING OF LOW CARBON 
PLAIN AND ALLOY STEELS 


S. 





By J. VANICK AND T. H. WICKENDEN 








Abstract 


Plain and alloy low carbon steels of the carburizing 

me, have, under incorrect operating conditions, a 
tendency to machine to a rough finish in final or finish- 
i cuts. It was found that, for each steel and its 
varticular heat treatment, this result was due to the 
eristence of a critical-range of volume removal rates 
vithin which a rough finish was obtained. By avoiding 
this critical range, smoothly finshed surfaces could be 
obtained. Applying the results of this investigation to 
practice, it was found that cutting conditions leaving a 
rough surface, could be changed to give a smooth finish 
by: 





1. Either lowering, or preferably tncreasing the 
cutting speed until rt is outside of the critical range. 

9. Maintaining the speed, but changing the cut or 
Feed. 

3. Sharpening the cutting angle of the tool and 
maintuning speed and shape of chip. 

i. Changing the hardness of the steel being cut; 
usually increasing it in order that a good finish is de- 
livered ai an easily obtained speed. 

The following ‘‘Introduction’’ is essentially a 
SY NOPSrs of our work. 


INTRODUCTION 


- is not infrequently the experience of those who are machining 
carburizing steels, either of plain carbon or those containing 
nickel or other alloys, that it is difficult to obtain a smooth ma- 
hined finish. Under their machining conditions a rough finish 
is obtained, the tool chip apparently tearing away from the forg- 
ng rather than shearing off cleanly. It is, however, possible to 
secure smooth finish machined cuts on such steels and it was the 
purpose of the investigations described in this article to determine 


the conditions under which such satisfactory finish cuts can be 


made. 


Ten-inch diameter forged dises of a number of compositions 


\ paper presented before the Spring Sectional Meeting of the Society at 
Hartford, Conn., May 20-21, 1926. The authors are associated with the Inter 
nal Nickel Company, New York City. 
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of plain carbon and alloy carburizing steels were used 
being taken on the dise face, the tool starting at the 

and moving toward the center with continuously decreasi) 
speed. In all cases a high speed tool was used having 
wide round-nose with a 14-degree side slope, an 8-dev 
slope and a 6-degree clearance, these being the angles reco, 

in Taylor’s original work. The cuts taken in this series 
varied from 0.015 to 0.090 inch in depth and from 0.015 
inch in feed. In this manner a good picture could immed 
he obtained of the effect of the variation in cutting speeds 


dimensions of cut upon the finish obtained. For a fixed feed and 
eut, the finish on the dise would change from a smooth to roucl 


finish at certain critical speeds, the change being completed withi) 
a cutting speed variation of 10 to 15 feet per minute. In general. a; 
a still lower speed the finish would again change from rough to 
smooth. It was found that this critical area of rough finish on 
the dise and the range of cutting speeds corresponding to it would 
vary with the depth of cut, the feed, the hardness of the materia! 
and the eutting angle. Other factors, such as tool dimensions 
tool angles, tool supports, coolants, ete., would affect the results 
but were held constant in these tests. 

The rate at which metal is removed in a single tool operatio 
is proportional to the product of feed, depth and linear speed o! 
eut. If we eall this ‘‘volume removal’’ rate, the principal 
clusion of these tests was that for each steel and heat treatment 
thereof, using fixed tool dimensions and angles, there is a crifi 
range of volume-removal rates within which a rough finish is ob 
tained; increase or decrease of the rate beyond this range, whether 
by suitable change of feed, depth or speed of cut, will produc 
again a smooth finish. For example, for a fixed feed and depth 
of cut, there is a critical speed at which invariably a rough finish 
will be produced. 

A standard nickel carburizing steel SAE-2315, normalized t 
vive a hardness of 166 and with a feed of 0.015 inch and a dept! 
of 0.030 inch, showed a critical range of speed from 60 to 95 lineal 
feet per minute, within which the finish was invariably rough and 
unsatisfactory. With the same tool conditions, by either lowering, 
or preferably increasing the speed, the rough finish could be 
avoided. A practical indication of the proper speed for a good 
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eed finish was furnished in the appearance of a hot temper 

| chip. The speeds required to obtain a good finish are con- 

ly lower than the breakdown speeds derived from Taylor’s 

vith fine feeds and depths on medium hard steel. Again, 

xed speed and depth of cut, there is a feed at which a rough 
snish will be produced. Finally, for a fixed speed and feed there 
sa depth of cut at which a rough finish will be produced. 

(he manipulation of feed and depth relation is more difficult to 
llustrate. In general, if a rough surface were being produced at 
constant speed, an increase in either feed or depth would increase 
ihe chip dimensions and enter a good, ‘‘high-speed’’ finish zone for 
the larger chip. On the other hand, decreasing the chip dimensions 
ta constant speed, would correct the trouble by cutting in the ‘‘low 


peed,’’ ‘‘good-finish’’ zone forthesmaller chip. Naturally, all other 


things being equal, finer feeds left better surfaces than coarse 


feeds. In addition to the above, the critical range of speed giving 
a rough finish is apparently lower the higher the Brinell hardness 
of the steel. Thus, steel No. 2315 mentioned above, which at a 
SIONS Brinell hardness of 166 gave a critical range at 60 to 95 feet per 
minute and when annealed to give a Brinell hardness of 155, 
showed a eritical range of 100 to 140 feet per minute. The speeds 
and cuts suitable for obtaining fine finishes are dependent upon 


results 


the strength and hardness of the individual steels, irrespective 
of composition. For efficient cutting speeds the limiting hard- 
ness is under 220 Brinell and preferably under 200 Brinell. These 
are hardness values which are readily obtained by normalizing or 
annealing. 

The critical range of cutting speed for rough finish is also 
reduced by increasing the sharpness of the tool angle. Sharper 
tool angles such as would be obtained by increasing the cutting 
angle from 68 to 60 degrees, reduce the high speed necessary for 
a good finish approximately 30 per cent. Thus 8. A. E. steel 2512 
having a Brinell hardness of 150 yielded the following typical 
result : 


Feet per minute 
Smooth finish at Poor finish 
Cutting Feed Cut High Speed Low Speed Speed 
oo: Angle Inehes Inches Min. Max. Min. Max. Min. Max, 
ud b Ss O15 030 145 2R5 (x) 0 Td 75 145 
2 good i0 015 .030 90 220 (x) 0 45 45 90 


Maximum obtained at 108 and 85 revolutions per minute respectively. 
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Obviously, practical application of the results of + 
may be made in the shop. if it is found in machinine 
ing steels that a rough and unsatisfactory finish is beino 
it is evident that the cutting is being done under a set 
tions which it is possible to correct in one of several way 

l. Without changing other conditions, by either Joy 
preferably inereasinge, the cutting speed until it is outsid 
critical range. 

“. By maintaining the same speed but changine ¢) 
the feed, thereby obtaining a chip of suitable size. 

3. By maintaining the same cutting speed and Shape 
but increasing the cutting angle of the tool and makine ij 

+. By maintaining the original cutting speed and <| 
chip but changing the hardness: usually inereasing jt 


that a good finish is delivered at an easily obtained speed 


An example of the application of these recommend 
guided by the data listed in a typical table of test pes 
included in the text. 


MATERIALS AND MertTrHops 


The materials chosen for this work consisted of random leye 
billets purchased from mil] stock, conforming to the usual So 
of Automotive Engineers specifications. No attempt was 


Table I 
Composition, Strength and Hardness of Steels 


ANALYSIS 
Mn Ss 


to make the specifications more rigid in view of the experiment 
purpose for which the steels were intended and the compositions 
listed in Table I are indicative of the character of the stock 
able. Lengths of the 4-inch square billets were upset to form dises 
11 inches in diameter and 21 » inches thick, which were put throug! 
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Table II 
Strength and Hardness of Steels 






ANNEALED NORMALIZED 









Lbs. per Sq. In., Per Cent Lbs per Sq. In., Per Cent 


















ler Yield Elon. Red, of Ten Yield Elon. Red. of 
Str Pt. in 2” Area B.HLN., Str. Pt in 2” Aree B.H.N 











419.000 95,500 41 66 94 52.300 81,000 41.5 66.6 95 


Disc B. H. N.-—90; Shore—19 Dise B. H. N 100; Shore 19 



























8 400 56,200 $3.5 58.3 153 82,700 61,200 30.5 63.0 158 
Dise B. H. N 156; Shore—26 Disc B. H. N. 166; Shore—29 

72 960 54,500 34.3 60.8 140 78,500 538,900 31.5 61.8 156 
Dise B. H. N.—-149; Shore—25 Disc B. H. N.-—-164; Shore—28 

5.500 46,800 33.0 59.9 138 73,600 48,900 31.8 69.0 1438 
Disc - i. moe 131; Shore 23 Disc B. H. N 148; Shore 95 

68.400 37,000 31.8 53.8 131 71,600 43,300 89.0 67.5 140 
Dise B. H. N 130; Shore—24 Dise B. H. N 148; Shore—25 

68,300 $1,200 33.0 64.8 131 73,600 49,400 34.7 69.5 143 
H. N.—132; Shore—22 Disc B. H. N 152; Shore—27 






















2 hours at 1650° F.; Heated 2 hours at 1650° F 
furnace cooled, air cooled. 













Table III 
Strength and Hardness of Steels 





QUENCHED and 'TEMEPERED QUENCHED 










Lbs. per Sq. In., Per Cent Lbs. per Sq. In., Per Cent 








ren Yield Elon. Red. of ‘len. Yield Elon Red. of 
A} Str Pt in 2” Area B.H.N, Str. rt. in 2” Area B.H.N, 



























5.000 26,900 36.5 14.0 110 60,800 38,200 32 67.7 121 
Dise B. H. N.—-106; Shore 21 Disc B. H. N.—127; Shore 26 
10,300 60,000 29.5 chee 183 aie ar” La wake pe oa 
Disc B. H. N, 195: Shore—35 Disc B. H. N 321: Shore 

(xXx) 
87,700 64,900 29.8 70.2 179 75,900 53,700 34.0 63.9 156 
Disc B. H. N.—190; Shore—3] V Heat treated Disc B. H. N.—166 
78,400 56,700 27.5 70.9 a }8606caetee 00a a ere 
Disc B. H. N.—178; Shore—27 
82,650 60,450 26.0 72.7 170 





Disc B. H. N.—183; Shore—36 
113,700 95,000 21.0 59.6 241 
Disc B. H. N.—271; Shore—45 







Heated 2 hours at 1650° F.; Quenched in water from 1650° F. 
water quenched (xx) Heated to 1650° F., furnace 
Reheated to 1200° F.; 2 hours. cooled to 800° F., cooled in air. 
V Quenched Dise B. H. N. 364; Shore 
59. 






























several heat treatments to represent typical conditions of the 
‘teel upon its entry to the machining operation. 

Since each successive test depended upon obtaining the opti- 
mum speed for a given feed and depth of cut, the circular dise 
method of testing was adopted. By machining the face of the dise 
‘unning at a constant speed the cutting speed is automatically 


ried from maximum to minimum as the tool moves from edge 
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to center. If a smooth surface is produced at some pos 
the face of the dise its position can be measured, and kn 
speed the corresponding speed may be determined. 

A 10-inch diameter dise which would allow a periphe: 
of ten times the speed of a 1-inch dise was used, 


, a 


per minute for the l-inch diameter the 10-inch diamet; rele and i 
would be moving at 300 feet per minute. A graphical diagoray but narr 
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Fig. 1—Contour of Cutting Edge and Shape of Chip. 


90 AO 


of the change in cutting speed for the different speeds of th 
lathes was used to determine the speed of cutting for any of th 
gear-shifts in the two lathes, as well as the speed position on th 
surface of the dises, of changes in ‘‘finish.”’ 

Four dises of each steel were made for the test to represent 
annealed, normalized, quenched, and quench-tempered conditions 
The strength and hardness of each dise was determined for th 
several heat treatments as a part of the cutting program. The 
condensed results are listed in Tables II and III. The lathes used 
for these tests consisted of 24-inch and 15-inch Le Blonde machines 
both of the heavy-duty type. These lathes were motor driven at 
constant speed and geared to a broad range of spindle speeds. 

The cutting tools used for these tests consisted of 1x1x6-in 
lengths of high speed steel, forged to 14-inch wide aaa ground 
to a ;s-inch diameter nose of the contour shown in Fig. 1. The 
tool is essentially one of the Taylor type,’ shaped to the angles 
which Taylor had recommended. This shape is identical with 
form of the round-nosed, roughing tool and consists of a 68-degree 
cutting angle with an 8-degree back slope, a 14-degree side slope, 


‘Taylor, F. W. The Art of Cutting Metals; Transactions, American Society of Mecha! 
cal Engineers. Vol. 28, 1907, p. 31. 
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. 6-degree end clearance angles. A special tool holder was 
made which fitted snugly in the tool post and clamped close to 
the cross feed carriage to reduce vibration. 

\ preliminary test on some 0.35 per cent carbon steel showed 
that a good finish could be obtained upon this material if light feeds 
and high speeds were used. The range of speed was quite broad, 
but narrowed rapidly as the feed and depth of cut were increased. 
These preliminary tests showed that feed, speed and cut were 
nter-related and the best plan to follow would be one that in- 
luded the working range for these variables. 











The working range for high speed lathe tools is listed in the 
handbooks.” The speed-feed-depth relations for soft materials. 








Table IV 
Cutting Tests on S. A. E. 3115 


ANALYSIS 






Mn P S Si Ni Cr BHN = 130. FURNACE ANNEALED FROM 
1 030 .018 .17 1.48 .68 1600° F. 





























Smooth Finish Smooth Finish Speed Producing 
Colored at High Speed at Low Speed Poor Finish 
Nin) Chip ft. per minute ft. per minute ft. per minute 
er Depth Feed R. P.M. Speed Min. Max. Min. Max. Min. Max. 
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Table IV 
Cutting Tests on S. A. E. 3115—Continued 












BHN = 150. NORMALIZED FROM 1600 


Smooth Finish 




























































Smooth Finish § 


Cut Colored at High Speed at Low Speed 
Num- Chip ft. per minute ft. per minute 
ber Depth Feed R. P.M. Speed Min. Max. Min, Max. 


°° 


015 54 





015 
.030 
.045 
.060 
.090 
015 
030 
.045 
. 060 
.090 
.015 
030 
.045 
.060 
.015 
.0380 
.045 


. 060 


taken from Taylor’s work and listed in Kent’s Handbook, 

chosen. The size of tool used was approximately one-half of that 
of the smallest tool listed in the tables and the dimensional rela 
tions required that about 10 per cent be discounted from the listed 
speeds. In addition to the three classifications given in the hand 
books an interpolation had been made between the medium-s0ll 
steels and the medium-hard steels, giving two additional tables 
speeds for the different sizes of cut. The series of approximatel 
20 euts which were taken from each dise are listed in Table l\ 
which is typical of the data obtained. Cut No. 16—corrected io! 
change in tool size—was used as a speed index, since the dimen 
sions of the chip corresponded to handbook speeds for the 1-inc! 
tool when cutting soft, medium, and hard steels. In the larg 
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Table IV 
Cutting Tests on 8S. A. E. 3115—Continued 











BHN 180. QUENCHED FROM 1600° F.; TEMPERED AT 1200° F. 


Smooth Finish Smooth Finish Speed Producing 
Colored at High Speed at Low Speed Poor Finish 
Chip ft. per minute ft. per minute ft. per minute 
. Feed R. P.M. Speed Min. Max Min Max. Min. Max. 
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.015 85 95 160 225 0 70 70 160 
.015 
015 
015 
015 
030 
0380 
030 
. 030 
.0380 
045 
.045 
045 
.045 
.060 
.060 
.060 


.060 





40 40 









athe, if excessive speeds upon too-heavy cuts were used, the tool 
would break down, while in the light lathe the same factors would 
stall the motor. The speed values given in the handbooks were 
ised as maxima except in such cases where no values were given, 
when the square-root law, 










oo . 


VF 





was used. The values derived were expected, as stated in Kent, 
to allow a tool endurance of 114 hours. For most cuts the cut- 
‘ing speed was less than 300 feet per minute and a single cut 
across the face could be taken. When the maximum allowable 
cutting speed exceeded 300 feet per minute, two cuts at a low 
ind high speed were taken, to cover the range. The practice of 
ollowing a coarse cut with a fine one, viz.: No. 9, followed by 
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No. 6 or No. 2, did not yield significantly different r, 
if cuts No. 6 or No. 2 were put through, irrespective . 
finish. In general, the cuts were taken in the serial ord: 
they are listed in the test data. 


EXPERIMENTAL RESULTS 


All of the steels tested showed eritical ranges of ecuttino 
which gave rough surfaces. The speed ranges were clo 
lated to the strength and hardness of the piece, irresy, 
composition. Since the data possess the above genera 
and the results are applicable to a 14-inch tool, shaped 






as de 

























scribed, only Table 1V is presented as typical of the values 
tained. The translation of the data which have been obtained 
into current shop practice where changes in tool size, tool angles 


contour of edge, tool support, limiting speeds, power 
and other factors come into play, would probably require mo 
work than a repetition of this test guided by the results of a samp); 
table of data. For this reason, more than five tables of dat 
similar to that of Table IV have been omitted. 

Probably the most important conclusion reached as a result 
of these tests was that for any particular steel and heat treatment 
thereof, together with fixed feed and depth of cut, there is a crit 


eal speed at which invariably a rough finish will be produced. At 
speeds greater and less than this critical range of speed the finish 


produced is smooth and satisfactory. The actual value 
critical range of speed varies, of course, with different steels and 
with the different machining conditions, particularly depth of 
and feed, shape of tool, ete. The transition from rough to smooth 
finish is accomplished by a change in the cutting speed of as little 
as 10 to 15 feet per minute and is quite sharp and definite. The 
high speeds for any given size and shape of cut produce the best 
finish. A high speed surface is smooth, relatively clear of sliver 
or checks and free from torn or gouged spots. An examination 
of Table IV shows that the best high speeds for a smooth finis! 
occur from 40 feet per minute for the coarse cuts to over 100 feet 
per minute for the fine cuts. Some explanation for this is found 
in the relations between the volume of shaving and the contour 
of the cutting tool engaged in the work. An inspection of Fig. 
will show that the cuts of the size mentioned engage a compar 
tively large portion of the edge, therefore the work of removing 
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distributed over a long edge. As the depth of cut is 
regsed to engage zones 4, 5 and 6 of Fig. 1, the portion of cut- 

which is engaged in the work is appreciably lessened 
ratio of metal area to length of cutting edge appreciably 


7 
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Fig. 2—-Diagram of Speed Versus Chip Sizes 
Blocking Out ‘‘Poor-Finish’’ Speeds Between the 
Heavy, Straight Lines. Lower Straight Line 
Represents Maximum, Low-speed, for Good Fin 
ish; Upper Straight Line Represents Minimum 
High Speed, for Good Finish; Broken Lines 
Above are Computed from Taylor’s Data and 
Show a Wide Margin Between Breakdown Speed 
and Good Finish Speeds 



















reduced. For a feed of 0.015-inch the thickness of the shaving 
represented by the areas 1 to 6 of Fig. 2, is comparatively small 
ind the ‘‘feed-movement’’ of the tool is such as to put the work 
{ finishing on the cutting edge bounding areas 1 to 3. 

Somewhat similar relations are developed when the feed is 
increased. As the feed is increased from 0.015 to 0.060-inch it 
may be readily seen from an examination of Fig. 1 that a large 
portion of the edge of the tool is engaged in cutting as long as the 
depth of cut remains shallow. An inspection of Fig. 1 shows that 
the chip area for the coarser feeds grows rapidly as the cut is 













ipAanaA ; 
LEPC DET E 


d, while the length of the edge engaged increases slowly 
is obvious that a larger feed for the shape of the tool used will 
fave an increasingly broader trough behind tool. Where this 
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trough-like surface can be accepted, a smooth finish n : 
tained at comparatively high speeds. An examination of ‘lable Ty 








shows again that these speeds generally range from 50 | 
per minute, depending upon the dimensions of the 
annealed and normalized steels. Thus, for a standard 
burizing steel SAE-2315, heat treated to give a hardn: 
and with a feed of 0.015-inch and a depth of 0.030-inch 
eal range of speed within which the finish was invariably yoy 
and unsatisfactory was from 40 to 105 lineal feet per minute, | 
shown in Table 1V, four different feeds were used against a ceric 
of progressively deeper cuts, the whole forming an interlocking 
series which might be arranged with either feed or depth as oy, 
constant factor while the other increased in sequence. Whien ¢! 
results for any steel are plotted, the points assume the form show 
in Fig. 2. It may be observed that the smooth-finish speed 
ereases as the chip size increases, whether the finish be the hig! 
or the low-speed type. 

The speeds at which good surfaces are obtained on the sof 
steels appear excessively high when compared to the roughing eu 
speeds. Taylor made the statement that no increase in speed was 
obtained on hard steels or irons when cuts finer than those of his 
‘‘roughing cut test’? were used. He did show that very hig! 
speeds are possible on soft materials. As an illustration, his work 
on break-down speeds versus depth and cut are calculated from 
his data and formula shown in Fig. 2. The original curve repr 
sents values obtained with a 14-inch tool shaped to his standard 
angles taking 0.083-inch cut at increasing feeds from a ‘‘mediun 
hard’’ steel of the following properties :— 





































































































































































































Composition Physical Properties 
C 0.34 Tensile 70,290 Ibs. per sy 
Mn 0.54 Elastic limit 34,600 lbs. per sq. in 
P 0.037 Elongation 29.0 per cent 
S 0.026 Reduction of area 44.0 per cent 
Si 0.17 BHN 130 (estimated 



































margin between them and the high speeds for good ‘‘finish.”’ 
Early in the work, the observation was made that thie ter 
mination of the smooth finish zone at the high speed or outer por 

















The derived values shown in the lower curve represent a 15 per 
eent discount in the speed which is necessary to balance the change 
in tool dimensions, from a 14-inch tool to a 14-inch tool. The 
position of the curves of break-down speed leave a comfortable 
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tion of the dise was accompanied by the disappearance of ‘‘temper- 
olor’ in the removed chip. An attempt was consequently made 
-, record the position of this effect. The rough agreement of the 


‘ 


ped position of the ‘‘temper-colored’’ chip with that of the mini- 
num, high speed for good finish, affords a practical index of a proper 
need for good finish. This rule is especially true of light feeds 
and depths of eut. 







All eutting operations are lable to chatter because of vibra- 
tions produced in the machine tool. These vibrations are conveyed 
‘the junction of the tool and the work and recorded on the cut 












surface. An overloaded tool will give rise to a series of vibra- 
tions depending upon the elasticity and ‘‘play’’ in the tool, holder, 
riage, lathe bed, gears and spindles. The effect is distinctly 
different from the roughness produced at incorrect speeds. lor 
example, the coarse feed cuts upon the quenched steels, showed 
hatter-marks in the glazed, brilliantly smooth finish. An artifi- 
al production of chatter was undertaken by making the distance 
from support to tool apex 3 inches instead of 1 inch, and the series 
of cuts begun on a normalized 8S. A. E. 23815 steel. With this 
nerease in the lever arm, the tool immediately showed signs of 
listress by setting up a persistent howl which apparently con- 
formed to the frequency of the vibrations. Only the light cuts 
2 3 and 8) were completed. In taking cut No. 8, the tool rose 
approximately 50 per cent out of the depth of cut and rode over 
the intermediate (middle 14%) of its traverse, retaining, at the 


> 















same time, the ‘‘speed-finish’’ characteristics corresponding to 
those yielded by a non-chattering tool. In attempting to take cut 
\o. 9 the lathe was shaken badly and the tool was broken down at 
speed of 205 feet per minute, which was considerably slower 
than the speed upon a successful cut obtained with a short length 
tool. Obviously, heavy finishing cuts would have ruined the tool 
is Well as the work and none were attempted. These few cuts 
learly indicated that chatter recorded its effects independently 
and that excessive chatter or lathe vibration during the course of 
‘utting would be instantly recognized by the howl of the tool, 
accompanied by rapid, tool breakdown. 
In taking finishing euts at large feeds the appearance of the 
surface left by the advancing tool becomes a function of the ver- 
tical profile of the eutting edge. 














It may readily be seen, from 
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Fig 3—lIllustration of Smooth and Rough Zones Produced at Will on a 
Dise of Steel S. A. E. 8115 Annealed—Outer smooth (4 to 5 inch from center) 
0.030 inch depth x 0.015 inch feed at 180 to 225 ft. per min. Outer rough | 
center) zone, represents 0.080 inch depth x 0.015 inch feed at 95 to 125 ft 
Smooth (1 to 8 inch from center) zone, represents 0.030 inch depth x 0.030 
to 270 ft. per min. Inner rough (0 to 1 inch from center) zone, represents 0. 
0.030 inch feed at 0 to 25 ft. per min. 
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in inspection of Fig. 1, that any feed which advances the tool ap 
reciabl} beyond the apex of the are at the nose. leaves an in 
creasing wider groove or trough in the wake of the cut. Since a 
finer feed would correct this grooved appearance and produce a 
smoother finish, one of the manipulations in feed and cut relations 
could be applied and an equal volume of metal removed with a 
lighter feed and deeper eut. The ridges forming the walls of the 
erooves can also be reduced or eliminated by prolonging the hori- 
ontal projection of the trailine side of the tool, enough to provide 
for the maximum feed, thus cleaning up the residue left by the 


eurved edge. This shape is in general usage for finishing tools. 


The “‘finish’’ in the wake of the tool, in this ease, remains closely 


related to the speed, cutting angle. depth and size of eut taken 


by the rounded side of the tool. The advantages of the round 


nose tool for roughing cuts has been amply diseussed in Taylor’s 


work. Briefly, it distributes the work of cutting, thereby reduc- 


ing the danger of breakdown at a corner or at some overloaded 


point on the edge. In finishing tools, the same principle, directed 
toward relieving the work on the apex of the nose should permit 
higher finishing speeds at that point with their characteristically 
smoother surface. This is accomplished by maintaining a fine 
eed which engages as little of the zone 1 to 8 area of Fig. 1. and 
The apex edge of the 
would remain long in proportion to 
the area of chip it was removine and the trace 


as much of the zone 4 to 6 area as possible, 
tool, engaged in ‘‘finishing’’ 
in the wake of 
the tool would be narrow and more pleasing in appearance. For 
hese reasons, it is apparent that a deep cut with a fine feed and 
high speed is preferable to a shallow eut, with 
lower speed, where the volume of met 





a coarse feed and 
al to be removed is the same. 
Another very interesting and important conclusion shows that 
the critieal range of speed giving 


a rough finish is apparently 
lower, 


the higher the Brinell hardness of the steel. The cutting 
data in Table TV clearly shows that ‘‘good finish”’ surfaces may be 
obtained at lower speeds as the hardness of the 
Thus, steel S. A. 
hardness of ] 
when 


steel increases. 
K. 2315, mentioned above. which at a Brinell 
JO gave a critical range at 40 to 105 feet per minute, 
annealed to give a Brinell hardness of 155, showed a critical 
range of 100 to 140 feet per minute. This relation to finish has 


‘immensely practical value. For example, where the speed of 
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April 
the tool cannot be increased for practical reasons, it 


eVident 
that the work may be slightly hardened. 


In the case of sto 
S. A. E. 2512, the normalized steel and the same steel treated 4 
directed in A. 8. 8. T. ‘‘recommended practice for camshafts’ 
possessed identical properties and machined equally well jy 4 
cutting tests. It is quite possible that the larger section of ¢\, 
pieces treated in these tests balanced the softening which ‘fy, 
nace cooling to 800 degrees Fahr.’’ would produce in camshaf; 
The range of hardness explored in this work extended from ; 
90 Brinell hardness number of the annealed low earbon stee! ; 
360 Brinell hardness number in some of the quenched steels, hp 
eutting speeds for good finish over this range appeared to be de 
pendent upon the strength and hardness and independent of thy 
composition. The strength of these steels increases with thei 
hardness and either factor may be used to control the cuttin 
speed. Some tendency appears for the tensile strength to be the 
dominant factor in light cuts upon steels of equal hardness }y 
the difference is small and the effect disappears in heavier cuts 
The extremely high speeds, such as 780 feet per minute, which 
could be successfully applied to annealed, very soft (90 Brine 
hardness number), plain carbon steel, illustrate the broad rang 
of speed available above that required for smooth eutting. As the 
steel became harder, the range between good finish, high speed and 
the speed at which the tool edge was destroyed became narrower 
Good surfaces were easily obtained in its quenched, 130 Brinell 
hardness number form at practical cutting speeds. The alloy steels 
in their quenched condition attained a hardness exceeding ‘tl! 
Brinell hardness number, a value at which practical machining 
operations on this type of steel would not be undertaken. Tests 
upon a few of the quenched dises representing a hardness in ex 
eess of 320 Brinell hardness number were limited to a few ligh 
cuts which produced a glazed finish and showed that the cutting 
required too much from the lathe and tool. For example, the 
hardness of 250 to 270 Brinell hardness number obtaining in the 
heat treated S. A. E. 6115 steel, compared to the 150 Brinell har’ 
ness number obtaining in the same steel, normalized, slowed the 
smooth finish cutting speed from a range of 110 to 225 feet per 
minute to a range of 25 to 50 feet per minute in the heavier culs 
For efficient cutting, the limiting hardness is under 220 Brinel 
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; number, and preferably under 200 Brinell hardness num- 
ese are hardness values which are readily obtained by nor- 
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or annealing. 


aduced by inereasing the sharpness of the tool angle. 


eritieal range of cutting speed for rough finish is also 


Thus, in 


~agsing the cutting angle from 68 to 60 degrees reduced the speed 


ry to secure a good finish by at least 30 per cent in the case 


\. E. 


ommended 


materials, 


steel 2512 having a Brinell hardness number of 150. 


‘he side slope of the edge had been increased from the 14 degrees 


9” 


for hard materials to 22 for 


In addition to the change in speed relations, the 
| 


degrees recommended 


was coiled in a spiral of small diameter and left the work 
‘an acute angle to the line of cutting. 


It is evident that sharp 


the cutting angele offers a means of lowering the minimum 


cood finish’? and of controlling the shape and direction 


harge of the removed chip. 


Obviously, practical application of the results of these tests 
V be made in the shop. 


If it is found in machining carburizing 


seels that a rough and unsatisfactory finish is being obtained, 

is evident that the eutting is being done under one of the un- 
worable conditions referred to above and it is possible to correct 
tin one of several ways. 


Without changing other conditions, by either lowering, or 


referably increasing, the cutting speed until it is outside of the 
ritical range. 


By maintaining the same speed but changing the cut. 


By maintaining the original cutting speed and shape of 


) but changing the hardness; usually increasing it in order that 
ood finish is obtained at an easily obtained speed. 


iv maintaining the same cutting speed and shape of chip 


range. 


| increasing the eutting angle of the tool and making it sharper. 
The practical application of the data of Table TV may be 
lustrated in the following example. 


Suppose a finishing cut of 


the dimensions of eut No. 7 (Table TV) is recommended upon a 
ee limited by other factors (such as equipment, or size of piece, 
to a surface speed of 125 feet per minute. 


Then cut No. 7, 


laken from the annealed steel, would produce a rough, torn, sur- 
‘ue since its poor finish speed is embraced in the 100-160 feet per 


Assuming that the speed cannot be increased above 
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125 feet per minute, it would be possible, in a first attempt, ty 
avoid the rough-finish speed by dropping to 100 feet per miny 
or less and operating in the smooth-finish, low-speed rang: 


LULP 


| some 


sacrifice of production. 


To avoid reducing production, a change in the feed and 


relation upon the same steel could be applied as a second expedi. 


ent, by using cuts No. 8 or No. 4 at the high speed, in finishing 


the cutting schedule. Assuming that the finishing cut is limited 
in depth, then coarser feeds may be applied until a ‘‘smooth fiy 
ish’’ feed is obtained for the limited speed: viz., the use of ey 
No. 9 in place of cut No. 4 above. This manipulation would iy 


crease production. 


If available, higher speeds, within the endur 


ance of the tool, might be used as well. 
In a third effort, the initial speed and cut (No. 7) could 
retained but the material hardened to 180 Brinell hardness num 


ber which as the tests upon the heat treated piece show, should 


finish smooth. 


Finally, the sharpening of the cutting angle with its at 


tendant reduction of the critical speeds could be utilized in taking 
the original (No. 7) cut upon the annealed steel resulting in low. 
ering the poor finish zone under 110 feet per minute and prodw- 


ing a smooth finish above this speed. 


In conclusion, the helpful advice and criticism of Dr. P. D 


Merica in his constant contact with this work, is gratefully a 


knowledged. 
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BASIC OPEN-HEARTH PRACTICE 
By C. H. Herry, Jr. 


Abstract 

















Open-hearth practice for three types of charges 
are compared, three heats of steel being used for the 
comparison. The first two are pig rron and scrap heats 
with no ore im the charge, the first of these charged 
with very large scrap, the second with medium scrap. 
[he third heat is an tron ore heat, 20,000 pounds of ore 
being charged with the scrap. 

The comparison covers the melting period, the ime 
boil, the working period and the efficiency of the de- 
oxidizers used. The effect of sulphur in the gas on the 
sulphur content of the metal is discussed and illustrated. 






HE basic open-hearth process for the refining of pig iron 
consists, with the exception of the removal of sulphur, of 
an oxidation of the impurities, and some of the iron, followed by 
the removal of the oxide formed either by combination or solu- 
tion in the basie slag or by the removal of the oxide as a gas. 

Silicon and phosphorus in the iron are oxidized and their 
oxides combine with the basic components in the slag. Manganese 
and iron are oxidized and their oxides dissolve in the slag, though 
it is probable that a part of these oxides exist in the slag as sil- 
icates. Carbon is oxidized to carbon monoxide, CO, which es- 
capes from the bath, burning above the slag to CO,. The elemeni 
sulphur is removed by reaction with the lime in the slag, form- 
ing CaS and CaSO,, and the removal is retarded by the oxidation 
of the slag. Thus four of the five elements to be removed from 
the iron depend on the oxidation of the slag for their removal 
while the removal of the fifth is held back by this condition. It 
is therefore necessary to strike a balance on degree of oxidation 
for speed of working and extent of elimination of the metalloids, 
particularly carbon, phosphorus and sulphur. 

Furthermore, since the iron oxide is soluble in the metallic 
bath, the four oxidizing reactions are much faster than the re- 



























_ A paper presented before the eighth annual convention of the Society, 
iieago, September 20 to 24, 1926. The author, Dr. C. H. Herty, Jr., is physical 
iemist, Pittsburgh Experiment Station, U. S. Bureau of Mines, Pittsburgh, Pa. 
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moval of sulphur, since these reactions are carried out jy 
a single phase and at the slag-metal surface, whereas the elimiy. 
tion of sulphur takes place at the slag-metal surface only. 

The basic slag on which the process depends, is obtained 
charging limestone or lime, the lime from either source com); 
ing with the acid oxides to form the slag. The removal of sulphy 
and phosphorus depends, in addition to the oxidation of the gla: 
on the basicity, which varies with the amount and compositiy, 
of the metal, with the amount of lime or limestone charged a) 
with the erosion of the banks of the furnace. 

Before taking up working of the three tests described in ¢{ 


ALLS 


paper, it will be well to briefly show the function of each jn 
purity in the metal and of the most important constituents of 
the slag. 


METALLOIDS IN THE Pia IRON 


Carbon 






Carbon is usually the controlling factor in determining the 
speed at which a given heat of steel is made. Compared to sil 
icon, manganese and phosphorus, its oxidation is slow and in order 
to eliminate it rapidly it is necessary to carry a very fluid ani 
highly oxidized slag, or to control the charge so that the iron oxide 
formed during melting and during the lime boil is just sufficien' 
to eliminate all the metalloids, including carbon, to the point de- 
sired without ‘‘working’’ the heat. 


Silicon 





The silica resulting from the oxidation of the silicon in thi 
iron combines with lime in the charge to form the basis of tli 
slag. If the silicon in the charge is too low the slag will | 
‘‘heavy’’ and slow working, whereas if the silicon is too high tl 
slag will be too acid and will require excessive amounts of line 
the erosion of the furnace banks will be increased, and tlie re 
moval of phosphorus and sulphur will be greatly retarded. The 
best range of silicon in pig iron is from 0.85 per cent to 1.50 per 
cent. 










Manganese 










Manganese in pig iron serves three useful purposes. FS 


with high percentages of manganese, 1.50 to 2.00 per cent, 
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ible amount of sulphur will be eliminated from the 


iron 
the time it leaves the blast 


furnace and the time it is 
ed into the open-hearth furnace. 







Second, the fluidity of 


in the open-hearth furnace jis increased with inereasine 








nese content and this makes for 













































oats faster working of the fur 
“ Third, this high ‘‘ residual manganese’’, i. e@., manganese 
the a ntent of the steel before the fina] additions are made, vives a 
posit; mounced saving in ferromanganese. Opposed to these advan 
wed sid must be placed the fact that with high manganese iron. 
mount of manganese oxide. MnO, dissolved in the steel will 
1 in this higher than with low manganese iron and this may in some 
ach in es cause Imperfections in the finished steel. The present ten 
ents in steel making is to use a hieh manganese iron, 
Phosph Orus 
lf the iron is not too high in phosphorus, say 0.300 per cent, 
diticulty is experienced in eliminating this element pro 
ing the ied the slag is kept sufficiently basie and oxidizing. With high 
d tos sphorus iron, 0.80 to 1.00 per cent, the straight Stationary 
in order cess cannot be used, and a process in which the slae may be 
uid and ed when necessary must take its place. 
vm Oxide Sulphur 
sufficient 
oint ‘his element is the most difficult of the five metalloids to 
This is due first to the fact that the elimination is slow, 
reaction taking place at the slag-metal surface only, and see 
that the oxidizing slag retards the reaction, and third to the 
. int sorption of sulphur from the furnace gases, if the gases oo 
s of tl] ther than a certain sulphur content. this content depending on 
will sulphur content of the scrap and of the slage. With producer 
‘igh th vis and coke-oven eas the scrap and slag will almost always ab 
of lit sulphur, with tar and oil containing 0.50 per cent sul 
the 1 ir or under the reverse is usually the ease, i. e.. the scrap and 
d. Tl ¢ lose sulphur to the gas, while with natural gas. sulphur will 
1.35 pe Ys pass from the scrap or slag into the gas. 
SLAG CONSTITUENTS 
6 lron Oxides (FeO and FeO.) 
irs 
eent \s has been shown above iron 





oxide is the primary agent 
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in the removal of four of the five metalloids in pig 
oxide in the slag exists in two forms, ferrous oxide. 
ferric oxide, Ke.O.. The ferric oxide is the result of 
of FeO by the furnace gases. 


lron oxide in the slag is derived from four sow 





Oxidation of the scrap during melting. 
Oxidation of the bath by the gases from the di 
the limestone. 


Oxidation of FeO in the slag by the furnace gase 
oxide, I’e,Q,, being reduced to FeO at the slay-meta 























Addition of iron ore to the charge, or to the bath di 


Time (CaO) 





Lime is the element which confers most of the ha 





the slag. The amount of lime in the slag is one of the det 
ing factors in the extent of elimination of phosphorus and 
phur. The silica from the oxidation of silicon in the iron is 1 
ized by lime and excess lime is used in bringing about the elimi 
tion of phosphorus and sulphur. 


Silica (SiO,) 





Kor a given amount of lime charged to a furnace tli 
of silicon in the iron governs the basicity of the slag, the e 
of the furnace lining, the condition of the slag after all the m 
is melted and the extent of elimination of carbon by the tim 
heat is melted. Almost all of the silicon is eliminated in a 
time after the metal is added, and in this reaction a large am 
of the iron oxide in the slag is consumed. If the silicon in | 


iron is high, little iron oxide will be left for the removal 
) 





bon and the heat will melt ‘‘high’’ in carbon. 


Manganese Oxide (MnO) 












The chief 


fluidity of the slag. If the concentration becomes too high 


function is to increase 





of manganese oxide 
slag will be excessively ‘‘thin’’ and will cause trouble in w 
the heat. On the other hand, if the MnO is too low the slag ' 

tend to become ‘‘heavy’’ and viscous and will require fluorspar 


9°) 


or some other thinning agent, to give it fluidity. The ra! 
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the slag for the best conditions of fluidity is from 7 to 


¥ ent. It is not generally realized that the amount of dis 
\inQ in the steel is proportional to the amount of MnO 
» the slag, and with certain classes of steel it may be desirable 


eep the MnO in the slag low to prevent the nonmetallie in 
on MnO from being present in the steel in large enough 


ntities to injure the surface of the finished product. 





Magnesia (MgO) 






\lagnesia in the slag is derived chiefly from the erosion of 
ing. Its action is probably to increase the viscosity of the 


though no definite data is available on this point. 






COMPARISON OF IIEATS 





it three heats to be considered will be called A}, B. and 


(. A brief deseription of the essential factors will be given in 


1] 


following paragraphs and in Table I. 






Furnace. <All these heats were made in standard 100-ton 
tionary furnaces of the Bethlehem Steel Co., Lackawanna, N. Y. 














Scrap. The serap in A consisted entirely of rail heat butts. 


Table I 
RB 





Cent Metal 81.6 







36.0 64.° 
Per Cent Serap OS.4 64.0 35.8 
AL WEIGHT 
Pound . . i : ‘ L040 42 000 240,000 
O) a ; eer None None 20,000 










































ind ; oa , "6,000 ?8 000 28,000 
rer Cent of Tot. Wt. .. wot ; 10.2 11.6 7 
USED IN WORKING 
round tien i RE ae a 2 11,400 8 000 16,000 
‘! LIME USED IN WORKING 

na cee kw ew acd None None 3,000 

\NALYSIS OF CHARGE 

Metal Serap Ave. Metal Serap Ave, Metal Serap Ave, 
t.14 0.67 1.77 4.29 0.66 1.96 4.04 0.20 2 66 
0.84 1.0] 1.28 0.72 0.92 1.29 0.30 0.94 

0.025 0.182 0.21 0.028 0.093 0.27 0.020 0.189 

. 0.033 0.041 0.039 0.037 0.0388 0.052 0.045 0.049 
v 0.15 0.47 1.58 0.18 0.69 1.4] 0.0409 0.92 

phur in Coal 1.18 &9 1.47 












ind Herty, C. H1., Jr, Transactions, A. 1. M. M. E 


, Februarv, 1926 
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This gave a small ratio of surface area to volume, and 
classed as ‘“‘large serap.’’ Heat B was charged as 
scrap’’, with a fairly large ratio of surface area to vol 
C was charged with miscellaneous medium sized serap 
fall in the same class as heat B. 


Fuel. Each heat was made with producer gas 















mlir'e 
. ‘ : / ‘ 1) 
phur content of the coal used is given in Table I. | 
ny The 
These three heats will now be compared to bri vill be 
salient features of open-hearth working. The points xt se 
sidered are: 
(ond? 
Absorption of sulphur by the serap during meltin At 1 
2. Oxidation of scrap during melting. 
3. Slag formed after addition of the hot metal, and IS a 
of impurities from the metal one hour after its add sition of 
1. Elimination during the lime boil and the compositio r 
at the end of the lime boil. S per 
5. Action of fluorspar addition to heat B at end of lin 


6. The ore addition and its effect on slag and metal. 
7. Final slag composition and its effect on the metal 
inal steel. 


Absorption of Sulphur by the Scrap During Mel 


Samples of the molten oxide which drips off the scra; 


















the melting period give the following average analyses: 








Per Cent Sulphur in Per Cent S 


drippings 
Pee owiehe eee at 0.054 . | 
Oe ipiraccs Ke ee aol | ee 1.1% 3 


0.129 





The total amount of sulphur absorbed during this 
a given coal, is a function of the surface of serap exposed 
of the time required to melt. With small serap and a lug! 
phur coal large amounts of sulphur will be absorbed. ‘T 









. . d this 
the heat is melted the less will be the sulphur absorbed = 
eT ee 
. ° . y . . reec| 

Oxidation of the Scrap During Melting 
mounts 
As has been shown previously the amount of il di 
formed during melting strongly influences the amouw irticula 
purities which will be eliminated during the early stag slag th 


heat. 







Type of Serap 


Large 1.76 
Medium 8.35 
Medium 8.33 


next section. 











sition of the limestone. 











Table II 
A 

















» qe 

















eet 





harged in heat C. 








Sid’ the 
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Pounds of FeO 
formed per 100 
pounds of Scrap 


rom the two types of scrap is clearly shown. 


Condition of the Bath 1 Hour after the Hot Metal Addition 


Per Cent 


( eae atet Kates a oil 2.54 
Mn. Cece ee eee dn tea O.S7 
meee te LS en ee 0.193 
S ee ee ae ey ee 0.043 
DA waren mees we ee as ees 0.394 


Peds. aceon sony 3 “wis 1 
BUM scotch ease baler wane eee 
Fe. ox a ee ee ce es 0.18 
PNM gis an Pith a oat a ee 15.18 
S (Total) 0.255 
RED ces nde RS wr Set ee 33.62 
oa ere th 8 4.85 
Reh: ¢ saben babe bah & 4 6.8 4.17 
lated slag weights are: 

A 2,370 pounds 

5 


9.050 pounds 
20,200 pounds 









Time from charging 
scrap to hot metal 
addition 

~ hrs. 56 min. 

2 hrs. 50 min, 

3 hrs. 13 min. 


(he three heats are strictly comparable as to time of ex- 
sure for oxidation and the large difference in oxide formed 


The effeet of this 


| be seen in the comparison between heats A and B in the 


At this time the metal is boiling around the mounds of serap 
| is also being agitated by the gases evolved from the decompo- 
The composition of slag and metal at 
this period on each heat is given below. 


B C 
Per Cent Per Cent 
1.75 2.22 
0.27 0.11 
0.103 0.054 
0.050 0.066 
0.073 0065 


6.11 9.50 
O13 1.14 
34.04 28.38 
0.50 3.64 
2.08 11.20 
0.160 0.157 
34.25 33.40 
9 50 5.88 


ud this, combined with the iron oxide content of the slag, shows 
ie effect of serap oxidation on heats A and B and of the ore 
As the oxidation of the slag increases, the 
mounts of carbon, manganese, phosphorus and silicon in the 
tal decrease, this being clearly shown in Table II. It is of 
lular interest to note that with a heavy oxidation of the 
manganese will be eliminated to a low point, in heat © 
lower point than the tapping test. 
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The per cent carbon in heat C is higher than 
simply because there was a much larger amount of ea: 
charge on this heat. The amount of sulphur in the 
heat A is low on account of the small absorption of sul; 
the gas, this being due to the small exposed area of 
while in heat B the sulphur is higher, due in this ease t 
larger area, the relative areas being shown roughly by 

of iron oxidized. In heat C the sulphur in the metal 

to the high sulphur coal used, to the size of serap expo 
furnace gases, and to the high sulphur in the charge 








KLIMINATION DurRING THE LIME BoIL AND THE Comp 















THE SLAG AT THE END OF THE LIME Bou 





During the ‘‘lime boil’’ lime, resulting from the d: 
tion of the limestone charged, rises to the surface of 
The amount of lime dissolved by the slag during this 
pends to a large extent on the composition and fluidity 
slag, and has a large effect on the elimination of phospho. 
sulphur. The silicon at this time is reduced to a small 
tration. Furthermore, during this period the melted 
being diluted by melting serap which slowly changes 
position of the melted portion. The slag and metal com) 
at the end of the lime boil is shown in Table ITI. 





Table III 











A B 

Per Cent Per Cent 

Metal Os ee i a 1.16 1.04 
Se 4 awecawaios eee 0.56 0.38 

EE re eee 0.105 0.070 

0.029 0.043 






















Slag le a ee 3.89 3.45 
Ree So Sree aon 1.72 0.94 
rere 31.78 
P.O. a fe ee ak ls i 8 cee me 1.45 0.55 
Rak Se i ee 10.66 
OED naka = cdwaccexch ae 0.143 
Pen ae, Oss. es ereeen 37.90 38.95 
I ac lll aia Ss 7.28 9.74 
ee ee. re 












The first observation here is that the iron oxides 


A and B are about the same whereas heat C is still 




































I; 





IS/¢ 
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des. The carbon in all three heats has dropped consid 


e to dilution and elimination. Manganese has returned 





fal on heats B and C where the concentrations of iron 









the slag have decreased and has been eliminated slightly 
\. In all three heats both phosphorus and sulphur eon 
ons have decreased, the phosphorus content of the metal 
ne the reverse of the oxidation of the slag, heat C versus 
\ and B, and of the total amount of phosphorus in the 
heats A and B. Sulphur in all three heats has been 




















KUORSPAR ADDITION 





Tro Tear Bar ENp or Lime Bou. 





\t the end of the lime boil in heat B 700 pounds of fluor 
ere added to ‘*shape up”’ the slag. This thinned out the 
rand caused a large amount of lime to be dissolved, with a econ 
ient drop in phosphorus and sulphur content. The essential 


lvses just before and 14 hour after the fluorspar addition are 


Table LV. 


Table IV 






fefore Iluorsprat \ddition 1s hour after Fluorspar Addition 






Per Cent Per Cent 
1.04 0.73 
O88 O46 
0.070 O.08 | 











O04 O08 






() as odo OL 
reO 0.94 Lee 
SiO) ‘ 1.40 9().4] 













38.95 





51 Oa 


lution of lime with a correspondingly large rise in the 
nt CaO in the slag served to remove phosphorus and sul 
rapidly. The inereased fluidity of the slag speeded up the 
tion of the slag and carbon was eliminated rapidly. Man- 


till returning to the metal as was the ease in Table IIT. 


ACTION OF ORE 


— 
— 


ore is added all the oxidizable elements are diminished. 
ir, on the other hand, is usually returned to the metal from 


> Sla a 


lue to the increased oxidation of the slag. The action 





shown in Table V where analyses just before and ¥, 
iter the addition are given. 







Heat 
Pounds of Ore added 































































0.029 
































iron by these factors. 





























as far as its elimination 








ing period are: 




















to the desired point. 











proceed rapidly. 








0.034 


14.48 
2.68 
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Table V 


A 
7,000 


Before After Before 
Metal Per Cent Per Cent Per Cent 
avenue ee 0.92 0.73 
_ a 0.56 0.22 0.46 
PY cscs See 0.045 0.021 


0.035 












FINAL SLAG COMPOSITION AND ITS EFFECT ON THE Mery 


ealled for by the specifications on the steel. 


bon tends to retard the elimination of sulphur. 


is concerned. 


elimination of sulphur is slowed up. 
2. That the slag must be basie enough to eliminate sulp 


Very often the slag may be of the correct composition to rile 













B 


8.000 








Beto \ ft 
Per (x 
1.60 
U.22 
0.04 
0.054 








6.79 


1.80 


During the working period the slag is kept oxidized }y 
furnace gases and, where necessary, by suitable additions of 
Thus in heats A and C ore was added during this period, whereas 
sufficient ore had been added to heat B at the first addition and 
no more was used. Lime floating in the slag is dissolved and ¢! 
banks of the furnace considerably eroded during this period, 1 
basicity of the slag being controlled for a given silicon in t 


The elimination of all the metalloids is brought to the de. 
sired point and the heat is then ready to be tapped. It should 
be mentioned that it is usually true that in working the carbon do 
to the desired point, phosphorus is eliminated much further tha 
This is not so ofte 


the case with sulphur since the iron oxide which eliminates car 


Thus with fairly 


low phosphorus materials charged this element may be disregar 


The important points to be kept in mind regarding thie wo! 


1° 


1. That the slag must be sufficiently oxidized to eliminate 
earbon at a fairly rapid rate, but not so highly oxidized that | 


3. That the slag be sufficiently fluid to allow eliminatiol 


y 








1S show ! 


siown ll 


slags hig 
ny or 
he fluid 
nd unle 

acti 
luorspal 
ind at ] 
nd of 1 

The 


ere ma 











BASIC OPEN-HEARTH PRACTICE 


579 





iphur as low as is desired, but the fluidity is not high enough 
the elimination to take place without keeping the heat 


» the furnace unduly long. This point is beautifully illustrated 
, the removal of sulphur in heat C during the working period 





s shown in Table VI. The slag composition during the period 
shown in the table changed but little. 




























Table VI 

lime Per Cent Sulphur in Steel Condition of Slag 
C:OP cacxiienaynccs, Wee Very viscous 

BO vnceenee see uns ' See Very viscous 

7:10 at Began adding fluorspar 
C3Ee cise Aeneas 0.057 Thinning 

1368 csctestenaenes ee Kluid 
OP .4s5aeveesseo- ee Fluid 

SE. .acdeeeseases - Ge i luid 
9:08 .stcktetacnicnn Te iluid 





It is in this question of slag fluidity that the high manganese 
ron is so important, although it must be remembered that all 
sags high in MnO are not necessarily fluid. For the average tap- 






ny or working slags, however, increasing manganese increases 


he fluidity greatly. Fluorspar is widely used as a thinning agent, 






nd unless used in excessive amounts is satisfactory. The rela- 
tive action of two slags, thinned respectively by MnO and by 
‘uorspar, on the cleanliness of the steel has never been studied 









ind at present the use of either is primarily a question of cost 
il of the inclination of the person using these materials. 

The final metal and slag analyses, before the final additions 
ere made, are given in Table VIL. 


Table VII 













t No A B C 
Per Cent Per Cent Per Cent 
( te Mae ee rd orarats Soo oni ee ache 0.22 0.09 0.07 
SD: nie Seis a ee hates acaoe be 0.24 O37 0.1] 
E pigia einen Mie RE a ae 0.010 0.009 0.004 
RS - gba dose el eonta ook ke creas 0.023 0.025 0.043 
wag FOR cna shits aba tenewwe: ee 11.85 15.54 
BE a te de elas ote 7.10 2.49 
RU is 1 cede a SS ees oN ee ae 15.86 14.48 19.14 
gt Se Ae a ee ee 3.67 2.32 256 
ae ee ee. 9.1] 6.63 6.58 
2k. eee 0.157 0.278 0.186 
ot ee rer 47.45 42.90 
NN i eee ha 6.00 6.20 6.10 
ALO bl ee a roa 2.26 ea. duce 
lemp. Degree Fahr. 2895 2980 2840 


In Table VII the action of the oxidation and the basicity 
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shown. 






































































rapidly. 




















Additions 



















































It is a well known fact that phosphorus may be 


ter-balanced by its higher oxidation. 


1 Low MnO in the slag 


) 


» 


The carbon content on both heats B and C was 
very slowly at the end of tne heat and they have both 
approximately the same content with about equal oxidat 
the slag. 


Heat 


lerromanganese 
l“errosilicon 


REE cc eweccons 
\nalysis of Steel 


3 Low temperature. 


‘Average of analysis from ingots Nos. 2, 
2Average of analysis from ingots Nos. 2 
Analysis of ingots No. 2 only. 


Table VIII 


2 High oxidation of the slag 


FINAL STEEL 


A’ 


L500 
TOO 
420 


Per Cent 


0.372 


0.608 
0.014 
0.021 
0.081 






m2 


of the slag on the elimination of phosphorus and sulphw 


pletely removed, for a given slag composition, at a lo, 
ture than at a high one. Of these three heats, heat 
lowest percentage phosphorus on account of the low t 
and high oxidation of the slag, and in spite of the lowest 
Ileats A and B are about equal basicity (heat B bein 
higher) and the higher oxidation of B is counter-bala: 
higher temperature. Sulphur, on the other hand, is littl 
by temperature alone, and the sulphur content of 
practically the same, the slightly higher basicity of | 
Heat C has the h 
phur content due to both high oxidation and low basi 
The manganese content of the metal follows the 
content of the slag, the temperature and the oxidation 
slag, the factors giving low residual manganese being: 


Heat A was tapped while the carbon was dropping 


The additions made to the furnace or ladle in the thr 
and the composition of the final steel is given in Table VII! 






L500 


Per Cent 
0.12 
0.45 
0.013 
0.039 














Vill 
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CARBON 





increase in carbon over the tapping test, Table VII, is 


heats B and C to the earbon contained in the ferroman- 





MANGANESE 







efficiencies of the manganese additions were 








ia per cent, 13 5O per (¢ nt, a; OG per cent 








ln the addition of manganese four factors affect the efficiency 


addition. First, the oxidation of the metal, which for a 





n temperature, is proportional to the oxidation of the slag, 


vhich inereases with rising temperature. Second, tempera- 








which affeets the oxidation of the metal as shown above, 
vhich, as it increases, causes an increase in reaction velocity. 

time allowed for the deoxidizing reaction to take place. 
rth. addition of other deoxidizers. 


In the three heats the time between addition of manganese 















end of teeming was equal enough to be neglected in compar- 
the efficiencies of the additions. The effect of the other three 


rs 
() \ 


s shown below. 


Table IX 
Kifficieney of Manganese Addition 


A 







B cS 





ren iia Mul BS nae) a 79 5O 66 

of Slag (FeO4-Ie.O,)... 14.49 18.95 18.03 
ta ey || 2895 2980 2840 
xidizers oe ae ee eo Soe a ae » a Yes No No 





effect of temperature is shown in the comparison of heats 
nd C, while heat A which had a temperature between those 
and © gave the highest efficiency due to the low oxidation 


slag and to the presence of other deoxidizers. 


Phosphorus 





Vhosphorus returns to the metal due to the deoxidation of 







by the deoxidizers used and to the decrease in basicity 
lag by the erosion of the ladle lining. <A small ‘‘kick- 
phosphorus is shown in all three heats. 
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Sulphur 





The action of sulphur in the ladle is not well undeps, 
It can be stated, however, that the hotter the heat and 
the basicity of the slag the greater the sulphur reversion, tho jjol, 
the manganese and the greater the deoxidation of the 
smaller the sulphur reversion. 


CONCLUSION 


The author prefers to limit the paper to the open-hear 
furnace itself rather than discuss the effect of the process o 
the finished steel. Before this effect can be intelligently studied 
it is necessary to thoroughly understand the process itself ay 
it is the aim of this paper to point out the essential features | 
the whole, leaving for other more detailed papers, the expositi 
of the separate details. 


DISCUSSION 


Dr. HAAKON Styri: Just a few words regarding the statement oy 
where Dr. Herty says: ‘‘The amount of dissolved MnO in the stee! 
portional to the amount of MnO in the slag.’’ I think that should be elaborat 
upon a little, because it must depend on the other constituents of the s!| 
you have comparatively much silica present with a certain percent 
manganese oxide in the slag you will have less manganese oxide in thi 
than if you have high lime content in the slag and low silica, so the cli 
composition of the slag is certainly of importance regarding the an 
manganese oxide dissolved. 

Dr. C. H. Hertry: I can very easily change that to suit Dr. Styri and s 
for a given slag composition the MnO in the steel is propotrional to the M 
in the slag. 










rHE DECOMPOSITION OF THE AUSTENITIC 
STRUCTURE IN STEELS—Part III. 


rhe Effect of Drawing or Tempering on the Decomposition of 
Austenite—Normal Stresses 
















By Rauepun L. DowbELL AND Oscar KE 


LLARDER 








Abstrac 







In this series of experiments the effect of ltempe 

quenched steels jor diffe rent pe reds of time at dif 
rent temperatures has been studied by means of the 
anges in hardness and. the changes in microstructures 







j 


e steels included in this investigation are the same as 
Ne reported bit Part dl The Decomposition of Austen 

ly Durimg (duenching. 
In this series of tests some attention has also been 
ven to the effect of severe mechamncal stress, such as 







elling an austenitic steel, on ats decomposition on 
cmpertng. It has been found that austenite more fre 
jucntly tempers to troostite, but in certain cases typreal 
martensttte needles have heen produced On fempering 
The temperature at which the martensitic structure 
breaks down in any given steel has been found to be 
lower than the temperature at which the austenite 
structure in the same steel breaks down. There is found 
general agreement im the changes im the microstruc 
lure, the hardness, and specific gravily, and explana 
hans are of ered lor the mechanism ol these changes, 





















‘IIE tempering (drawing) tests to be discussed in the fol 





lowing pages have been made in order to show the break 


n of the austenitic structure of quenched steels on reheat 







ny at various temperatures. The changes in hardness and micro 
ture have been used as the principal means in following this 
omposition. In addition to the tempering tests certain spec! 


ns have been tempered in the stressed condition in order to 







termine the influence of a combination of stress and reheating 





changes in quenched steels. 











Nn other irticl on The Decomposition f th Justenite Structul in Steel 
inuscript submitted b Ralph Lewis Dowdell in partial fuifillment of the 
the Graduate School of the Universit if Minnesota for the degree of Doctor 


. | Harder in charge of research rt artich have appeared eriall in 
January, 1927 Seven installments constitute thi el 




















per presented before the eighth annual convention of the Society, 
ptember 2O to 24, 1926. Of the authors, Dr. R. L. Dowdell 
ofessor of metallography and Dr. ©. kk. Harder i 
University of Minnesota, Minneapolis. 
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Specimen Numbers 














No. Heat Treatment 










Original 











168 hrs. at 100° 














5 168 hrs. at 100 














168 hrs. at 100° 








7 168 hrs. at 100° 








tz 





168 hrs. at 100° 














square specimen). 





Oil Quenching Temp. °F. 


1 24 hrs. at 100° C. 
2 72 hrs. at 100° C 
3 163 hrs. at 100° C. 
4 

24 hrs. at 200° C 
72 hrs. at 200° C. 
168 hrs. at 200° C 
860 hrs. at 200° C 
31 days at 200° C 


Note: Scleroscope 


I 


94.3 
94.4 
Q7 4 
94.3 
91 
91.8 
91.2 
SS] 
RRS 
values are 


maximum temperature. 


) 


1500 
Oil Quenching Temp. °C. 815 


Bain’s 


the 


1 


16 


1600 
871 


Table VI 


Effect of Time of Tempering at 100° C. and at 200° C. on the Scleroscope 
Hardness of Steel No. 3 
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controlled oven for long periods of time. 
to be accurate to plus or minus about - 


resea rehes 


17 


1700 


927 





degrees Cent. u 
These long periods of time at 

pering temperatures were chosen in order to study the ph: 
changes more closely and to more nearly obtain equilibrium 


thermometer 
higher ones were measured with a chromel-alumel couple 

Tests on Bain’s High Carbon-Chromium Steel 
E. C. 
special study was made of one of his steels. 


On 


18 


1800 
982 


S . S . 


ze 


General Description—The tempering experiments w: 


19 


1900 
1088 


Scleroscope Hardness Numbers 


94.7 
94.7 
95.8 
93.5 
91.9 
91.2 
9? .1 
89.7 
88.8 


averages 


96. 
99.7 
100.8 
99.7 


94.5 


93.1 


of ten readings (5 


89. 4 
92. 
94. 


92. 


wo, 


93.6 
95.5 
94.1 
91.6 


90.1 


55 . U0 


58.0 
59.9 
60.5 
78.1 
88.0 
90.4 
RR .9 
90.5 


on the several steels by placing them in an ordinary autom 


This oven wa 


When it was found that the tempering reaction becany 
slow at 392 degrees Fahr. (200 degrees Cent.) the steels were | 
pered in an electric tube furnace provided with variable resis 
ances which enabled quite an accurate method of temperat 
control. The temperatures up to 392 degrees Fahr. (200 degrees 
Cent.) were measured with a mercury whi 
Becau 
chromium 
Table VI sh 
effect of cumulative low tempering temperatures for various 
ods of time on the seleroscope hardness of specimens of steel \ 
3 quenched from temperatures from 1500 to 2100 degrees Fahr 
(815 to 1149 degrees Cent.). 












on each sid 


‘TRANSACTIONS, American Society for Steel Treating, Vol. 5, 1924, pp. 89-10! 








ween ¢ 
show 1 
1usten 
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follows 
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eedle: 
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‘hese results are shown on Graph No. 1. On examination 
¢ this graph it will be noticed that the austenitic specimens, 
‘hose quenched from 1900 degrees Fahr. (1038 degrees Cent.) 
ond above, Show a rapid increase in hardness and finally come 
+) have essentially the same hardness as the other specimens 
uenched from a lower temperature. 

Figs. 44 to 62 inclusive show the austenitic decomposition 
n tempering the quenched specimens shown in the previous fig- 
res Nos. 8 to 14 inelusive. Only the austenitic specimens have 


i 



















+ Specimen Quenching | 


N° Temp 
15 1500°F | 
lb \G00°F 
17 1700° F 
ia 1800°F 
\9 1900°F 

| 2¢ 2000°F | 
2\ F 





2100°F 











Graph 1—-Effect of Time of Tempering at 392 Degrees Fahr 
the Hardness of No. 3 High Chromium Steel. 


wen examined throughout the tests. These photomicrographs 
show that the reerystallization started at the slip planes in the 
iustenite. Instead of forming martensite on this recrystalliza 
on it is quite probable that the recrystallization starts and is 
ollowed almost immediately by precipitation of carbide to form 
troostite. However, it was found quite impossible to form white 
edles on tempering this steel by the method used. 

The time required to break down the austenitic structure 
nereases with the quenching temperature but it has been pos- 
sible to completely decompose the austenitic structure at 392 de- 
zrees Fahr. (200 degrees Cent.) and after the 744-hour tempering 


Nera 












is indieation of the coalescence of the carbide particles. 
Effect of Tempering on Microstructure and Hardness—Figs. 
to 109 inelusive show the results of tempering on the microstruc- 
es of steels Nos. 1 to 6 inclusive. Table VII shows the effect 


)° 
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49 


Effect of Tempering Temperatures on the Decomposition of the Austenitic St 
duced by Quenching from 1500, 1600, 1700, 1800, 1900, 2000 and 2100 Degrees 
No. 3. Figs. 44, 45 and 46. Tempering Treatment No. 4, 168 Hours at 212 
+ 24 Hours at 392 Degrees Fahr. Fig. 44—Specimen No, 19. Mag. 1000x 
Reading after 78.1: before 55.0, Ktched with Cone. HCl, Austenit« 
Carbide. Fig. 45-—Specimen No, 20. Mag. 1000x. Seleroscope Reading aft 
fore 47.4. Etched with Cone. HCl, Austenite + Troostite + Carbide. Fig 
21 Mag. 1000x Scleroscope Reading after 51.3; before 44.9. Etched 
Austenite +- Troostite + Carbide. Figs. 47, 48 and 49. ‘Tempering Treatment 
Hours at 212 Degrees Fahr. + 72 Hours at 392 Degrees Fahr. Fig. 47——Spec 
Mag 1000x. Scleroscope Reading after 88.0: before 55.0, Etched wit! 
Troostite +- Carbide + Austenite. Fig. 48—Specimen No. 20. Mag. 1000x. SS 
ing after 65.8; before —47.4. Etched with Cone. HCl. Austenite + Troostit 
Fig. 49—Specimen No. 21. Mag. 1000x. Scleroscope Reading after 61.8 
Etched with Cone. HCl Austenite + Troostite + Carbide. 


' 





DECOMPOSITION 


OF AUSTENITE 


16s oul 


Reading afte 
| 
; rm ‘ tehed 
Specter ) Magy LOOOx cope 
ith Cone, HC] Austenite Troostite 4+- Cat 
‘ (, 168 How il 212 eg bahr 
10 u Load I 
Hel | 


specimen 
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Sclere 
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Mag. 1000x ‘ Co] 
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Nf 
series 
testS W 


possibl 


59 60 6/ 


Figs. 56 to 62. Steel No. 8. Tempering Treatment No. 8, 168 Hours 


Kahr. + 744 Hours at 392 Degrees Fahr. Fig. 56—Specimen No, 15 Mag 
scope Reading after 88.5; befor 94.3. Etched with Cone, HCl, Tro 

Fig. 57—Specimen No. 16 Mag. 1000x. Scleroscope Reading after 88.8; 
Etched with Cone. HCl. Troostite + Carbide. Fig. 58—Specimen No. 17—Mag 
scope Reading after = 93.1; before 89.3. Etched with Conc, HCl. Troostit 
rig. 60—Specimen No. 19. Mag. 1000x. Scleroscope Reading after 90.5; 
Etched with Cone. HC]. Troostite + Carbide Fig. 61—Svecimen No. 20 Mag 


scope Reading after 6: hefoye 47.4 Etched with Cone. HCl. Troos 
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pering for various periods of time and at various tempera 
tyres on the austenitic decomposition of the steels mentioned 


ibove. 


Table VII 


Effect of Tempering Temperatures on Scleroscope Hardness Values During 
the Austenite Breakdown of Steels Nos. 1 to 6 


Heat Treatment 


imen Treated 


Hardened 
at 100° 
at 100 
at 100 212° 
at 100 213" 


(919 
( ) 
( ) 
( > 
at 200° C. (892° 
( > 
( , 
( > 


21° 


at 200° 392° 
ivs at 200° 392° 

at 200 L 392° 

at 260° C, (500° 

at £70" C, (¢618 

at 318° C. (607 

at 3388 : (730 

at 410 ; (770 

it 400 

it 410 

at 450° 

at 480° 


at 525° 


at 625° 
at 643° 
it 679 


U. 
C. 
7. 
at 562° C, 
( 
C, 
| OF 


I.) 
F’.) 
IF.) 
a it 
KF.) 
F.) 
(1240° F.) 
ible Ill shows the hardening treatment 
n. values are averages of 5 readings. 
, No, 6 was only 1 day at 200°. 
, No. 6 was only 2 days at 200°, 
, No. 2 is the only one with any noticeable change in i tructure 
5 is a new specimcn 


}, new specimen hardened 
}, new hardened speciinen 


Steel No. 1—The cobalt-chromium steel No. 1 used in this 
series of tests was essentially austenitic as quenched. Careful 
tests were made by different methods of etching to see if it was 
possible to bring out martensite needles. The hardness as quenched 
0) also indicates quite a thoroughly austenitic structure. After 
was tempered 3 days at 518 degrees Fahr. (270 degrees Cent.) 
tle hardness inereased to 52 and the first indication of marten- 
needles was found as shown in Fig. 64. These needles were 
general but occurred only in certain areas. After the speci- 
en Was tempered for one week at 979 degrees Fahr. (525 de- 


trees Cent.) the needles became much more numerous and were 


, } 
‘ arg] 
al 


all over the specimen. ‘The structure as developed by 
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rig 62 Steel No, ‘ Tempering Treatment No, S, 168 Hours 
Fahr. + 7 Hours at 38%: Degrees Fahr. Fig. 62—-Specimen No 21 
Scleroscope Reading atter 86.9: befor $4.9 Etched with Cone, HCI 
bide. Decomposition of Austenite on Tempering. Steel No, 1, Cobalt +- Ch 


ing Treatment 2282 Degrees Fahr. 15 minutes 5 per cent NaOH in Water at 
Fig. 63-——Mag. 1000x. After Quench, Scleroscope Reading = 46.0. Etched wit 
+ Carbide Fig, 64 Mag LOOOX, Tempered 8 days at 518 Degrees | 
Reading 52.1. Etched with Cone, HCl. Only Needles on Specimen. Auster 
+ Carbide Fig. 65-—Mag. 1000x. Tempered 7 days at 977 Degrees Fahri s 
ing 82.8 Etched with Conc. HCl. Austenite 4+ Troostite + Carbide Fig, 6 
Tempered 7 days at 977 Degrees Fal Scleroscope Reading 82.8 het 
Acid \ustenite -+- Troostite -+- Carbide, 
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Mag. 1000x, Tempered 7 days at 1045 Degrees Fahr Scleroscope Reading 
ched with Pieriec Acid. Troostite + Carbide Fig. 68——-Mag, 1L000x Tempered 


L157 Degrees Fahr. Scleroscope Reading 66.4, Etched with Pierie Aeid. 
Carbide. 


oY to 78, Decomposition of Austenite on Tempering Steel No. 2%, Hadfield’s 


ienching Treatment 2102 Degrees Fabr. 15 minutes, 5 per cent NaOH in 
Degrees Fahr. Fig, 69—Mag LOO00Ox After Quench. Seleroscope Reading 
hed with Picrie Acid. Austenite. Fig. 70O-——Mag, 1000x After Quench, more 
d Scleroscope Reading OF Etehed with Pierie Acid Austenite with 
‘1-——-Mag, 1000x. Tempered 1 day at 770 Degrees Faht Scleroscope $1.0, 
erie Acid Austenite + Martensite 





TRANSACTIONS OF THE A. 


harane 


temper 


lemper 


na th 


} days 


rhe'e dle 
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will 
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Fig. 72—Mag. 1000x. Tempered 1 Day at 770 Degrees Fahr, Another | 
Needles, Etched with Picric Acid. Austenite + Martensite. Fig. 73—Mag. 1000% 
7 days at 770 Degrees Fahr. Scleroscope Reading = 52.9. Etched with P 
Austenite + Martensite. Fig. 74—Mag. 1000x. Tempered 7 days at 842 Des 
Scleroscope Reading = 66.6. Etched with Picric Acid. Austenite + decomposing Ma 
+ Troostite. Fig. 75—Mag. 1000x. Tempered 7 days at 896 Degrees Fahr. & 
= 61.4. Etched with Picric Acid. Austenite + Troosto-Sorbite. 
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orice acid etching is shown in Fig. 65 where the needles 
rater than when etched in pierie acid (Fig. 66). In both 
ues the presence of the austenitic groundmass is clearly shown 
nd the needles are darker in color than the groundmass. The 
hardness after this tempering treatment had increased to 838. On 
tempering one week at 1158 degrees Fahr. (625 degrees Cent.) 
‘he needles completely disappeared and the troostite was much 

parser (Fig. 68). This resulted in a hardness to only 66. 
However, there seems to be an overlapping of the tempering 
iemperature Which produces the maximum amount of these needles 
nd the temperature at which they begin to temper. Thus after 
‘days at 518 degrees Fahr. (270 degrees Cent.) relatively few 
needles were produced and they showed little or no tempering. 
‘here was a large increase in the number of needles when the 
tempering treatment was carried to 979 degrees Fahr. (525 de 
vrees Cent.) but they begin to show tempering. The changes 
the hardness of this steel can best be followed by 

10 Graph No. 2. 

Steel No. 2—Tligh manganese steel No. 2 as quenched showed 
typical austenitie structure (Fig. 69) ; 


reference 


on deep etching many 
slip lines were observed. On tempering steel No. 2 it was noticed 
that after one day’s tempering at about 770 degrees Fahr. (410 
legrees Cent.), there was a marked increase in hardness due to 
the formation of white needles which were in relief (Figs. 71 and 
These needles are probably martensitic needles although 

they are slightly unusual in appearance. On tempering for one 
week at 770 degrees Fahr. (410 degrees Cent.) more needles were 
formed which etched light and resulted in an increase of hard- 
ess Over the original hardness by about 76 per cent. After 
‘empering for one week at 842 degrees Fahr. (450 degrees Cent.) 
will be noticed (Fig. 74) that the needles had darkened and 
iso that the remaining austenitic groundmass had begun to break 


iown to form a nodular troostite. The maximum hardness was 


troduced with this tempering treatment and resulted in an in- 
rease of about 112 per eent. 


try 


Continued tempering at a higher 


perature resulted in a decrease of hardness. The micro 
ture produced (ig. 75) indieates the coalescence of earbide 
] 


CleS 


There are, however, still areas of undecomposed austen- 
i slight remnants of these are found even after tempering 
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for one week at 1040 degrees Fahr. (560 degrees Cent 


changes in hardness of this steel for the various temperi 


peratures are best shown in Graph No. 2. 
The light needles produced in this steel were prod 
tempering and remained light in color to quite an elevat, 


2 
Co 


Scleroscope Hardness Number 


@ 
oS 


4 
> 


« 


o~ 
2 


200 300 400 
Tempering Temperature Deg. Cent 
Graph 2—Effect of Tempering Temperature on the 


Scleroscope Hardness of Steels Nos. 1 to 6 During Their 
Austenitic Breakdown. 


perature. This may mean this austenite is under considerable 
compression or that its recrystallizing temperature on tempering 
is high, due to its greater stability caused by the high manganese 
content. 





Steel No. 3—Further tempering experiments on steel No, 3 
on a sample which was requenched by heating to 2192 degrees 
Kahr. (1200 degrees Cent.), held for 15 minutes and quenched in 
ao per cent solution of NaOH in water at 24 degrees Fahr. (4 
degrees Cent.), are in general agreement with those previous) 
discussed. In no case were typical martensite needles produced 
on tempering. 

A small amount of martensite was found in the extreme ed 
of the quenched specimen (Fig. 80). This may indicate that 
extreme edge was in the proper amount of tension duri 
quenching and so produced martensite. Complex stress 
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iderable 
npering 


neanese 


No. 3 


degrees 


eched In 
—4 


Mag. 1000x. Tempered 7 days at 979 


Degrees Fahr. me leroscope 59.0. Etched 
Austenite + Troosto-Sorbite. 


Fig. 77—-Mag. 1000x. Tempered 7 days at 1044 
s Fahr “x leroscope 55.6. Etched with Picric Acid. Austenite t Troosto-Sorbite. 
s Mag. 1000x. Tempe red 7 days at 1158 Degrees Fahr. Se leroscope 52.0. Etched 
Acid. Sorbite + Ferrite. Figs. 79, 80, 81, 82, 83, 84, 85. Decomposition of 
n Tempering. Steel No. 3 High Carbon-Chromium. Quenching Treatment 2192 
Fahr. 15 minutes, 5 per cent NaOH in Water at 25 Degrees Fahr. Fig. 79—Mag. 
\fter Quench. Scleroscope Reading 46.4. Etched with Cone, HCl. Austenite + 


Fig. 80—Mag, 1000x. After Quench. About .5 millimeter from outer edge Etched 
Austenite + Martensite + Carbide. Fig. 81—Mag. 1000x. Tempered at 392 
Scleroscope Reading + 84.6. Etched with Cone, HCl, Austenite + Troostite 4 
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Fig. 82—Mag. 1000x. Tempered 3 days at 518 Degrees Fahr. 
Etched with Cone. HCl. Troostite + Carbide. Fig. 83—Mag. 1000x. Tx mpered 
979 Degrees Fahr. Scleroscope Reading = 71.9. Etched with Conc. HCl. Troostit: 
Fig. 84—Mag. 1000x. Tempered 7 days at 1158 Degrees Fahr. 
Etched with Conc. HCl. Sorbite + Carbide. Fig. 85—Mag. 1000x. Temper 
374 Degrees Fahr. Etched with Cone. HCl. Troostite + Carbide. Fig. 86—Steel 
1000x. After Quench. Scleroscope Reading = 53.6. Etched with Picric Acid 
+ Carbide. Fig. 87—Mag. 1000x. Tempered 2 days at 392 Degrees Fahr 
Reading = 62.5. Etched with Picric Acid. Austenite + Troostite + Carbide. 


Scleroscope Read 


Sclerosc ope Re 
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are produced by hammering as in upsetting a steel of this 
type materially lower the temperature at which this steel breaks 
down to a troostite on tempering. A specimen which was upset 
«) as to inerease the scleroscope hardness from 47 to 85 was 
hanged entirely to a troostitic structure by a 4-day tempering 
treatment at 374 degrees Fahr. (190 degrees Cent.). 

Steel No. 4—The specimen of high speed steel used in the 
tempering test was heated to 2282 degrees Fahr. (1250 degrees 
Cent.), held at temperature 15 minutes and quenched until cold 
in the eaustie solution. This steel decomposed on tempering sim- 
‘larly to steel No. 3 and white needles could not be found at any 
stage in this tempering treatment. The breakdown of the austen- 
ite to troostite took place at first principally at the grain boundar- 
ies (Fig. 87). On tempering two days at 392 degrees Fahr. (200 
degrees Cent.) the hardness increases only slightly but with ad- 
ditional time at 200 degrees Cent. there was a considerable in- 
crease in hardness accompanied by a corresponding change in 
microstructure (Figs. 88 and 89 and Graph No. 2). While the 
decomposition of the austenite after eight days’ tempering at 
92 degrees Fahr. (200 degrees Cent.) was found to be practi- 
cally complete, the hardness was found to increase slightly at 
518 degrees Fahr. (270 degrees Cent.) and the groundmass ap- 
peared to be somewhat coarser (Fig. 90). At about 1158 degrees 
Kahr. (625 degrees Cent.) coalescence of the carbide particles 
took place rapidly (Fig. 91) which resulted in a marked decrease 
in hardness. 

Steel No. 5—The progress of tempering steel No. 5 is shown 
in Figs. 92 to 96. This austenite remained stable throughout 
the cumulative tempering tests to a temperature as high as 1240 
degrees Fahr. (670 degrees Cent.) without appreciable decompo- 
sition. At about 1158 degrees Fahr. (625 degrees Cent.) it was 
noticed that some of the carbide patches began to decompose 
into ferrite and graphite. The photomicrographs also indicate 
that graphite forms directly from the austenite on tempering at 
llo8 degrees Fahr. (625 degrees Cent.) and above. However, 
when graphitization takes place there is a marked decrease in 
hardness which is best shown in Graph No. 2 


NT¢ 


el No. 6—The progress of the decomposition of steel No. 
is Shown in Figs. 97 to 109 inelusive. On examination of Fig. 
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Fig. 88—Mag. 1000x. Tempered 4 days at 392 Degrees Fahr.  Sclerosco 


84.3. Etched with Picric Acid. Troostite + Austenite + Carbide. Fig. 89 
Tempered 8 days at 392 Degrees Fahr. Sclerosecope 90.4. Etched with 
Troostite + Carbide. F 90—Mag. 1000x. Tempered 3 days at 518 Degrees | 
scope Reading 94.5. Etched witn Picric Acid. Troostite + Carbide. Fig. {1 
Tempe red 7 days at 1158 Degrees F: é Scleroscope Reading 69.5. Etched 
Acid. Sorbite + Carbide. Figs. 92, 3, 94, 95. 96. Decomposition of Austenits 
ing. Steel No. 5, 25 per cent Nickel. Quenching Treatment 2280 Degrees Fali 
5 per cent NaOH in Water at Degrees Fahr. Fig. 92—-Mag. 1000x. 
Scleroscope Reading 46.4. Etched with Picrie Acid. \ustenite + Carbide 
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to 96, Decomposition of Austenite on Tempering Stee No. 5, 25 per cent 
nching Treatment 2280 Degrees Fahr. 15 minutes, 5 per cent NaOH in Water at 
ihr. Fig. 983—Mag. 1000x. Tempered 8 days at 518 Degre Fahr. Scleroscope 
0.5 Etched with Picric Acid. Austenite + Carbide. Fig. 94—Mag. 1000x 
New Specimen. Scleroscope Reading 50.1, Etched with Pierie Acid. 
Carbide. Fig OH Mag. LOOOX, Tempered 7 davs at 1158 Degrees Kahr. 
Reading 38.3. Etched with Picric Acid. Graphitization has taken place on 
| Carbides. Austenite + Carbide + Graphite. Fig. 96—Mage, 1000x Temp 
1240 Degrees Fahr. ™ leroscope Reading 36.6 Etched with Pieri Acia 
Carbide + Graphite, 
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97 it will be noted that the martensite needles after t] 
are slightly darker than the austenite. Figs. 98 and 99 
microstructures of this steel after tempering at 212 decrees 
(100 degrees Cent.) for 4 and 8 days respectively. The 

site needles first darken and then further break down as | 
pering progresses. The hardness shows a slight increase 
a tempering treatment of 4 days but falls off slightly o1 

tempering. The amount of austenite is practically unchang 
during the tempering treatment at 100 degrees Cent. The , 
fects of the tempering treatment at 392 degrees Fahr. (20) 
grees Cent.) are shown in Figs. 100 and 101. The breaking 
of the austenite after tempering for one day is evident 






































and 


two days the breakdown is practically complete resulting j 

















ments at 518 degrees Fahr. (270 degrees Cent.) (Fig. 102) a 
730 degrees Fahr. (388 degrees Cent.) (Fig. 103), there 





IS 





alescence of the carbide particles which is accompanied by a | 
gressive decrease in hardness. At about 1040 degrees Fahr. (5 











into ferrite and graphite which resulted in a further decrease 
hardness. This graphitization is quite complete after anneali 
at about 1192 degrees Fahr. (643 degrees Cent.) for one 

See Figs. 104, 105 and 106. To check this phenomenon two n 


























(643 degrees Cent.) and at about 1238 degrees Fahr. (670 











degrees Cent.) showed a more complete graphitization than 

















(670 degrees Cent.) and these larger particles are not as s 








on an annealed sample of this steel (Fig. 5; Fig. 109) bear 








eraphitization is still more incomplete. 








Steel No. 7—Two differential heating curves were taken 
quenched pieces of steel No. 7 (Fig. 110) to determine if 
possible to record a temperature effect attributable to t! 
cipitation of carbide or 








reerystallization from martensite. \ 





marked increase in hardness. At the higher tempering treat 


degrees Cent.) these small carbide particles began to decompos 


quenched pieces were tempered for a week at 1192 degrees Fal 
grees Cent.) respectively. The one at 1192 degrees Fahr. (64 
one at 1238 degrees Fahr. (670 degrees Cent.) (Figs. 107 and 


108). This is likely due to the fact that the carbide particles 
are larger and more stable when tempered at 1238 degrees Fah 


S 


ceptible to graphitization as the smaller ones. Tempering tes\s 


this theory and show that on still larger carbide particles tl 
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ns of heat were encountered on these curves. On micro 
opie examination it was found that the martensite had formed 
ocala : but the austenite still remained undecomposed even after 
ting slowly to 852 degrees Fahr. (455 degrees Cent.). 

Steels Nos. 8 and 10—On tempering steels Nos. 8 and 10 at 
19 degrees Fahr. (100 degrees Cent.) it was found that the 
hite martensitic needles formed during the quench were dark- 
ned considerably. This probably indicates that carbide precipi 
ition takes place at this temperature. Microscopic evidence bears 
his out and shows that as the time at 212 degrees Fahr. (100 


erees Cent.) Increases, the white needles (martensitic) assume 






, oradual inerease in darkness. 

The summary of results and conclusions of these tests are 
viven later with the results from the studies of gravity changes 
wring tempering and the effects of stress. 


Change mn Specific Gravity—Specifie gravity determinations 











re made on oil and water quenched specimens of steel No. 8 
ind a water quenched specimen of steel No. 10, both quenched 
rom 2012 degrees Fahr. (1100 degrees Cent.). The tests were 
made on the specimens in the quenched condition and after tem- 
pering for various periods of time at. 212 degrees Fahr. (100 
legrees Cent.) and at 374 degrees Fahr. (190 degrees Cent.). 


lable VIII 






shows the values obtained. 





Table VIII 


Effect of Tempering on the Specific Gravity and Sclerosope Hardness of 
Steels Nos. 8 and 10. Quenched from 2012° F. (1100° C.) 














Steel No. 8. Steel No. § Steel No, 11 
Oil quenched. Water quenched Water quenched 


sh 





S. h. n Sp. gr S. h.n Sp 












ing §2.2 8.0889 92.3 7.9648 738.3 7.6311 
100° C, &4.7 8.0987 95.4 7.9971 78.4 7.6406 
100° C 84.5 8.1186 93.7 8.0263 71.6 7.6459 

it 100° C. 86.6 8.1193 90.0 8.0089 74.2 7.6386 
t 100° C. 84.8 8.1144 91.6 8.0386 76.0 7.6434 

it 160° G&G 92.8 8.0816 a6 .0 7.9861 93.7 7.6021 
it 190° ( 99.1 8.0399 96.2 8.0135 97.7 7.5942 
sat 190° (¢ 95.8 8.0542 93.8 8.0124 93.1 7.6066 
190° ¢ 2 8.0577 95.0 8.0789 91.9 7.6107 





lt was found that the density of steel No. 8 was greater in 
oil-quenched condition than in the water-quenched which in 
ated more martensite on water quenching and more austenite 
iter oil quenching. 
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Figs. 97 to 109. Decomposition of Austenite on Tempering. Steel No 
1.35 per cent Carbon Quenching Treatment 2102 Degrees Fahr. 15 min 
NaOH in Water at 25 Degrees Fahr. Fig. 97—Mag. 1000x. After Qu 
Reading 79.7. Etehed with Picric Acid. Martensite + Austenite, Fig 
Tempered 4 days at 212 Degrees Fahr. Scleroscope Reading 89.5. Et 
Acid. Troostite + Austenite. Fig. 99—Mag. 1000x. Tempered 8 days at 21: 
Etched’ with Picric Acid. Troostite + Austenite. Fig. 100—Mag. 1000x ‘| 
at 392 Degrees Fahr. Etched with Picric Acid. Troostite + Austenite. I 
1000x. Tempered 2 days at 392 Degrees Fahr. Scleroscope Reading 90.4 
Picric Acid. Troostite. Fig. 102—Mag. 1000x. Tempered 3 days at 518 D 
Sclerosecope Reading 89.1. Etched with Picric Acid. Troostite. 
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> 


103 to 109. Decomposition of Austenite on Tempering. Steel No. 6 High 
35 per cent Carbon. Quenching Treatment 2102 Degrees Fahr. 15 minutes, 
NaOH in Water at 25 Degrees Fahr. Fig. 103—-Mag. 1000x. Tempered 1 day at 
ees Fahr. Scleroscope Reading = 73.2. Etched with Picric Acid. T'rroosto-Sorbite. 
Mag. 1000x. Tempered 7 days at 1158 Degrees Fahr. Scleroscope Reading 
ed withe Picric Acid. Ferrite + Carbide + Graphite. Fig. 105—-Mag. 1000x 
days at 1192 Degrees Fahr. Scleroscope Reading 24.5. Etched with Picric 
Carbide + Graphite. Fig. 106—-Mag. 1000x. Tempered 7 days at 1192 
Scleroscope Reading —24.5 Unetched, Showing Graphite. Fig. 107—Mag. 
pered 7 days at 1192 Degrees Fahr. New specimen from hardened condition. 
Picric Acid. Ferrite + Carbide + Graphite. Fig. 108—-Mag. 1000x. Drawn 
1288 Degrees Fahr. Another New Specimen from Hardened Condition. Scleroscape 
7.5. Etehed with Picric Acid. Ferrite + Carbide + Graphite. 
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Fig. 109. Decomposition of Austenite on Tempering. Steels No. 6. 

per cent Carbon. Quenching Treatment 2102 Degrees Fahr. 15 minutes, 
in Water at 25 Degrees Fahr. Fig. 109—Mag. 1000x. Tempered at 1240 Degr 
7 days. This Specimen was taken from Stock and Originally was a “‘Compromis 
Scleroscope Reading = 27.6. Original Scleroscope Reading = 42.1. Etched with 
Ferrite + Carbide + Graphite. Figs. 110, 111 and 112—Decomposition of Austenit 
ing. Steel No. 7. Quenching Treatment 2462 Degrees Fahr. 15 minutes, 5 per « 
Water at 25 Degrees Fahr. Specimens T. A. 1 and T. A. 2 were each Heated « 
Curves with the Annealed No. 7 Steel as a Neutral Body. Fig. 110—Mag. 10 
After Quench. Scleroscope Reading = 87. Etched with Picric Acid. Martensit 
ite. Fig. 111—T. A. 1. Mag. 1000x. Heated in 1 Hour from Room Tempe! 
Degrees Fahr. Scleroscope Reading = 74. Etched with Picric Acid. Troostite 
cE: 112—T. A, 2. 1000x. Heated in 5 Hours from Room Temperature to 850 
Scleroscope Reading = 69. Etched with Picric Acid. Troostite + Austenite. 
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On tempering at 212 degrees Fahr. (100 degrees Cent.) there 
‘; a general increase in the specific gravity. Microscopie exam- 
‘nation showed that during this period of tempering there was 
a tempering of the martensite needles. This leads to the con- 
clusion that the increase in density is due to the predominance 
of the influence of the relieving of stress in the martensite, the 
erowth of ferrite particles, and to the coalescence of carbide par- 
ticles. 

It will further be observed that the greatest increase in 
density is in steel No. 8 which was quenched in water, and the 
smallest increase in density is in steel No. 10 also water-quenched. 
Microscopie examination of these steels showed that the amount 
of martensite was in about the same proportion as the increase 
in specific gravity: the maximum amount in No. 8 and the min- 
imum in No. 10. The microstructures further show that there 
is little or no change in the austenite at 212 degrees Fahr. (100 
degrees Cent.). On tempering at 374 degrees Fahr. (190 degrees 
Cent.) there is a breakdown in the austenite which goes practi- 
cally to completion in 4 days. Simultaneous with this break- 
down of the austenite there is a decrease in specific gravity and 
a marked increase in hardness. The changes in microstructure 
lead to the conclusion that the increase in hardness and the de- 
crease in density are due to the decomposition of austenite which 
results in a recrystallization of gamma to alpha, the formation 
of fine grains, and the formation of carbide particles in a finely 
divided condition. Tempering tests at still higher temperatures 
are known to result in decreases in hardness and increases in 
specific gravity. These changes as previously pointed out may 
be attributed to the increase in size of the alpha crystals, and 
the coalescence of the carbide particles. 

Results of Tempering Experiments—The results of temper- 
ing tests indicate that: 

a. In the carbon steels examined the martensite needles 
light colored and in relief) showed progressive darkening at 
“12 degrees Fahr. (100 degrees Cent.) as the time at tempera- 
ture increased. These tempering tests and the specific gravity 
tests indicate that precipitation of the carbide particles takes 
place slowly until the very dark troostite is formed. On con- 
lunued tempering at higher temperatures, 392-518 degrees Fahr. 
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(200-270 degrees Cent.), there is a coarsening of the 
which is followed by a decrease in hardness probably 
grain growth in the ferrite and coalescence of the ear 
ticles to a size that can be identified as a distinct phase 

b. The martensitic structures in alloy steels deco: 
tempering similarly to carbon steels with a darkenin 
needles but are more stable and either require a higher 




















ture for their decomposition or a longer time or both. 





e. The decomposition temperature for an austenite 





higher than the decomposition temperature for the ma 





in the same specimens or in steel of the same composition. ‘Ty 





range of temperature of the austenitic decomposition for t 





included in this investigation are as follows: 




















Steel Description Range of Austenitic Decompositi 

























No. Austenite to Troostite 
5 High Nickel 625°C-670°C, (1158°F.-1240°F.) 

1 Cobalt-chromium 525°C-562°C. ( 978° F.-1042°F.) 

2 High Manganese 410°C-480°C, ( 770° F.- 896° F.) 

>} Carbon-chromium 150°C-200°C, ( 302°F.- 392°F.) 

4 High Speed 150°C-200°C. ( 308°F.- 392°F.) 
6 High Carbon 150°C-200°C. ( 302°F.- 392°.F) 
8 Tungsten Tool 150°C-200°C. ( 302°F.- 392°F.) 
10 High Carbon 150°C-200°C, ( 302°F.- 392°F.) 





d. It has been found possible to produce martensitic needles 





1 


by tempering austenitic steels. These needles have been observed 





in the eobalt-chromium steel No. 1 and in the manganese ste 
No. 2. 


form on the tempering of these austenites has not been determined 








The exact conditions under which the martensite needles 














However, it may be possible that there is an overlapping otf 1! 





ranges of stability of the austenite and the martensite of steels 








of certain compositions. Frequently, dark needles (troostite) ar 








produced in the tempering of austenitic steels. 





e. Nodular troostite usually forms on tempering austenit 








grain boundaries (Tig 


66), along slip planes (Figs. 44, 45, 46, 81 and 88 
martensite, cementite, or troostite patches (Figs. 74 and 7) 


Its common places of formation are at 
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COMPARATIVE TESTS ON BALL BEARING STEELS 
By T. 









li. ROBINSON 





Abstract 
























This paper gives the results of a series of alternat 
ng stress tests in which an attempt was made to com- 
nare some of the alloy steels now used in ball bearing 
manufacture. 

The alternating stress tests are supplemented by a 
static bending test designed to eliminate as far as pos- 
sible any alignment factors. 

The test results and subsequent microscopic exam- 
ination indicated that the size and distribution of the 
particles of excess cementite were factors in the per- 
formance of the steel both under reversed stress or 
fatique tests and under the static bending test. The 
steels in which these particles of cementite were compar- 
atively small and uniformly distributed showed a mark- 
edly greater endurance and strength. 





Her many years the steels used in the manufacture of high 
vrade annular ball bearings have been standard in chemical 
mposition, the chief alloy element being chromium. Recently 
this steel has been modified by several bearing manufacturers to 
include other elements such as molybdenum and vanadium. These 
hanges were made in most cases only after extended service 
tests on bearings had indicated a superiority of these steels over 
the standard analysis. It was with the idea of accounting for 


hese differences in performance from a metallurgical stand- 
point that ‘“‘comparative tests on ball bearing steels’’, were under- 
taken. 


The type analysis of the three steels considered are as follows: 





f Steel C Cr Mn Sil Phos & Sul Mo \ 








oe eeeeee1.00-1.10 1.80-1.50 0.20-0.40 0.15-0.80 0.025 max.  ...... 
lybdenum .1.00-1.10 1.10-1.80 0.20-0.40 0.15-0.80 0.025 max. 0.30-0.50 ...... 
lium ...1.00-1.10 1.50-1.50 0.20-0.40 0.15-0.30 0.025 max. ...... 0,20-0.40 


The following designation will be used: 














Chromium No. ] D—Chromium-vanadium No. 2 
Chromium No, 2 E—Chromium-molybdenum No, 1 
Chromium-vanadium No. 1 F—Chromium-molybdenum No. 2 






author, T. L. Robinson, is metallurgist of the McGill Metal Com- 
iraiso, Ind. 
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Kach type of steel was represented by the product of 
ent steel mills. 





Kvery effort was made to eliminate the factor of 
geneity due to blowholes, pipes, and nonmetallic inclusi: 
were selected in which the inclusions were at a minimu 
size and number. ‘This selection was made by cutting a 
from each end of each bar and examining it under the » 
scope. Figs. 1 to 6 are a series of photomicrographs o| 
unetched sections of these steels at 50 diameters mav 
The slag streak in steel D is exceptional, as the steel is in real 
comparatively clean. Steel I is probably the dirtiest with lit; 
to choose from among the remaining five. 

It was desirable to start with steels of similar hardin 
microstructure; hence, the work was confined to hot-rolled. a) 
nealed round bar stock as supplied for the automatic screw » 
chines. In these steels inspection of both hardness and m 
structure gives an excellent control of the machining prop 
of the steel for which neither factor alone can be trusted. Va 
ation of machinability in these steels, with the same tool setti 
leads to high rejections for differences in dimension after tw 
ing. Hence it is specified that the bars have a Brinell numbe 
of from 175 to 200 and that the excess cementite be in a spheroid 
ized condition. 

The chromium-molybdenum and chromium-vanadium stee! 
this class were reported to have a greater toughness and a great 
fatigue resistance than the standard chromium steel; hence, tl 
endurance limits under reversed bending stresses were made t! 
principal features for investigation. 

Fig. 7 is a diagram of a machine built for this purpose. |! 
follows closely the White-Souther machine in which a specimet 
is loaded and rotated as a cantilever beam. The advantages of t! 
type of machine have been pointed out by Prof. Moore’ and 
others and are too well known to dwell on except to point oil 
that extreme simplicity is not the least of these advantages. 1! 
test is not entirely representative of conditions obtaining in ser\ 
ice in ball bearing operation, because in the test there is a comple! 
reversal of stress with every revolution. The maximum load stre 
on a bearing in operation is a repeated stress rather than ar 
versed stress. A fatigue effect would be most noticeable at t 


1H. F, Moore and J. B. Kommers, University of Illinois, Bulletin No. 124, | 
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4 o 6 


Photomicrographs of Polished, Unetched Sections of Steela A, B, O, 
vely at 50 Diameters Magnification, 
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point on the stationary member, either inner or ou! 
which the resultant of the load passes. The load at { 


about one-fifth of the entire load earried the hy 






by 








—REVOLUT/ON COUNTER 
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Fig. 7—-Sketch of Rotating Beam Testing Machin 


























reversed stress condition is, however, the more severe case a 
we are interested in comparative rather than quantitative yalues 

The machine consists of a spring chuck earried outboard o 
a horizontal shaft which is driven by an electric motor at 140 


revolutions per minute. One end of the test specimen 





a we 


JI 
Veg — 


& 
\/ 
Fig. 8—-Sketch of Specimen Used in Rotating Beam ‘Test 


ing Machine. 








White-Souther type, shown in Fig. 8, is secured in the chu 
The load is suspended through a ball bearing yoke from thie othe! 
end. <A revolution-counter which disengages when the specie! 
breaks, completes the apparatus. 

Twelve specimens from each make and type of steel wel 
prepared for test. A variation in shape or finish of the specimen 
was known to have an important bearing on results. The metli 


adopted in making up specimens both for the alternating stres 


test and the bending test was as follows: The specimens wel 
turned in a lathe from a 2-inch round bar to 0.5 + 0.040 ine! 






' } 
harden! 


All specimens were then given a similar and standard 
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which consisted of quenching them in oil from 1510 


rees Kahr. and afterwards tempering in an oil bath at 350 de- 


ves Kahr. for twenty minutes. The resulting Rockwell ‘*C’’ 


gale hardness for all specimens fell within 60 plus or minus 1. 








vas believed that this variation in hardness would not greatly 
ntuence the results. The specimens were then finish-ground to 
al size within plus or minus 0.0002 inch with a No. 60-K 
eel. ‘This grinding operation eliminated any distortion due 
hardening and also removed enough surface material to elim 
decarburization. 


nate any 


The specimens were then 
th 0O emery eloth to a uniformly high finish. A 


polished 










specimen 
s set up in the machine and run continuously to failure or to 
fteen million reversals, which figure was accepted as an infinite 





\o attempt was made to complete a life curve to any distance 
er side of the point of critical stress, but the effort was rather 


losely bracket this point. The critical stress may be defined 





s the highest stress at which a specimen would withstand an 


lite number of reversals. This critical stress can be located 








surprising accuracy and in almost all cases it represents the 
stress to which an addition of 2000 pounds would reduce the life 
i few hundred thousand revolutions. In actual practice we ran 
specimens to 15,000,000 revolutions only, but the marked flat- 
ening of the curve at the critical stress enabled us to predict 
nterpolation an infinite life for a specimen operated below 


S STYIesS, 











] 
he 





endurance limits thus established are given as follows: 





EKNDURANCE LIMITS 
Type of Steel 

1) Chromium-vanadium 

Chromium-vanadium 


Stress in Ibs. per sq. in. 
95.000 
94,000 






iB Chromium 88.000 
\ Chromium 84,000 
: Chromium-molybdenum 83,000 
IK Chromium-molybdenum 75,000 





e wide variation in these results on steels of different heats 


ir chemical compositions, is at once apparent. 






fractured surface of the specimen was examined in all 
‘here was, however, little apparent difference as all showed 
sheen characteristic of well-hardened ball bearing steel 
ossible exception of E. 









This specimen showed .slight 
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traces of segregation in the nature of fine fracture p| 
would be barely discernible to an experienced eye. 

The microstructure of the specimens was next examined whi: 
investigation revealed the probable cause for the variation jp Del 
formance. There was a tendency for the steels which showed 
marked segregation of the carbides to give low results. hig effec 
is apparently independent of chemical composition except as jj 
affects segregation in the steel. The mechanism of sevregatiy, 
in high speed steel has been pointed out by Grossmann and 
Bain? and their analysis undoubtedly applies to the steel under 
consideration to some extent. 

This structure is probably the result of the difference in eay 
bide concentration in the original structure of the ingot. Tho 
carbide-rich areas so formed become elongated in rolling and exis! 
in the bar stock as roughly cylindrical streaks lying parallel { 
the axis of the bar. This condition is usually much more marked 
near the center of the bar than toward the outside. The only 


effective cure for this segregated condition is a considerable amount 


of hot work or deformation. The appearance of the six steels 
under consideration is shown in the photomicrographs, Figs. 9 


to 14 at 100 diameters magnification and in Figs. 16 to 21 


at 
500 diameters magnification. The series of photomicrographs is 
introduced for the purpose of emphasizing the distribution and 
size of the carbide globules. The martensitic ground mass is 
structureless at the magnifications and etching used. 

This steel is in the hardened condition as used in ball bear 
ings in service. The chief constituent is martensite, althoug! 
there is some austenite and probably some troostite present. The 
grain size of the martensite being sub-microscopic, we attribute 
any network appearance to carbides at the former gamma iron 
grain boundaries. The carbide particles represent an excess which 
cannot be held in solution in the alpha iron. The visible carbide 
particles are of two sizes. The larger and more irregularly shaped 
are carbides which have persisted through the cogging and roll 
ing operations from the dendritic ingot structure. The smaller 
round particles are carbides which have been precipitated in cool 
ing from some previous processing. There is probably in addi 
tion a sub-microscopie precipitation of carbide to which part 
the hardness of the material is due. 


"Marcus A. Grossmann and Edgar C. Bain, Journal, Iron and Steel Institut 
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It is quite generally recognized that a steel in 
carbide is evenly distributed throughout the martensit: 
more desirable than one in which the carbide was seg; 
bands. It is also theoretically desirable that the carbid 
be small and evenly distributed rather than large 


L even) 
distributed. The former certainly represents a more nearly hoy 


geneous condition and would allow of easier solution of the ¢a, 
bides at the hardening temperatures. It is possible that resiy 
ance to wear in service is improved by a uniform distributioy 
of small carbide particles. Any wearing action would tend ; 
erode the softer matrix leaving the carbide particles in relief 
The rate of wear would then be determined by that of this harde 
constituent and a uniformly slower rate be expected from a 
even distribution of that constituent. 

Messrs. Desch and Roberts* reach a somewhat similar ¢o 
clusion with respect to the effect of cementite distribution on » 
sistance to wear in high carbon chromium razor steels. 

Figs. 9 to 14 will give an idea of the general distributio 
of the segregation, and Figs. 16 to 21 of the size of the particles 
going to make up this banded appearance. It is quite apparent 
in considering photomicrographs in Figs. 9 to 14 that steels £, 
F and B are conspicuously banded. The prominence of th 
banding of the specimens stand about in the order above men- 
tioned, the first referred to being the worst. There is practical) 
no sign of banding in specimens A, C and D. While the nature 
of the evidence does not lend itself to a precise rating of the 
specimens as to degree of segregation, the extremes can be picked 
with certainty. Thus A and C show no traces of segregation an 
E is certainly the worst of the group in this respect. 

In Figs. 16 to 21 it will be noticed that in steels E, F ani 
B, the carbide particles are large, irregular in shape and uneven) 
distributed through the martensitic ground mass. The particle 
in A, C and D are relatively small and evenly distributed. 

Since the steel E gave the lowest values in both the fatigu 
and bending test and since D gave high values in both tests ani 
since the physical test results on the other steels dovetail nice! 
into positions interpolated for them from their microstructure 
the conclusion can be drawn, that other conditions being constat! 


8Cecil H. Desch and Aubrey T. Roberts, Journal, Iron and Steel Instit 
p. 258. 
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resistance to fatigue in this type of steel is considerah], 
by pronounced carbide segregation. 

These data are confirmatory of some of the prey 
on endurance of steel under alternating stresses. Gillett a; 


‘es 


| 
“WILL 
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Fig. 22—Diagrammatic Sketch of Bend Testing Apparat 


state in summarizing, that claims for favorable influence 
denum and vanadium on endurance appear to have bee 
cerated. 

Practically all of the investigators agree that dirty steel 
a lower resistance to fatigue or at least is erratic in 
under alternating stresses. While these steels are exce; 


¢lean as regards slag and inclusions and though the ear! 


Fig. 23—Sketch of Specimen Used in Bend Te 


not be elassed as an inclusion, its effect on the endurai 
formance may well be similar to that of a nonmetallic i 
In this way the results can be reconciled with the 
tioned observations. 

Prof. Moore® and other investigators show that 


tests as carried out on the ordinary tension compressio! 


‘H. W. Gillett and E. L. Mach, Proceedings of American Society Testing M 
Part II, p D44. 


SH. F. Moore and J. B- Kommers, University of Illincis, Bulletin N 
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are not closely indicative of the performance of the 
¢eel under alternate stresses. The ultimate strength is appar- 
if slightly more value than the elastic limit in predicting 

sue limit, possibly since the errors of determination are less. 
Since no close correlation of values was expected and with the 
eliminating as many variable factors as possible a very 

simple bending test was arranged. The specimens shown in Fig. 
fixed at both ends in special holders, to which a load was 

| by weighting at a uniform rate a lever acting through ball 


vel joints. This scheme is shown diagrammatically on Fig. 22. 
nknown faetors such as misalignment are eliminated and the 
is can be definitely computed. When direct comparisons rather 
n quantitative results are desired, this arrangement has much 
it. 










eommend Results are as follows: 











Type of Unit Stress Rockwell §*C’? 









g Steel in Ibs. per sq. in, Seale Hardness 
Chromium-vanadium 290,000 59.5 
1) Chromium-vanadium 285.000 60.5 
\ Chromium 233.000 60.5 
Chromium 2°20 000 59.5 
Chromium-molybdenum 218,000 61.5 
Chromium-molybdenum 164,000 61.5 















(here 1s no apparent agreement in values between the two 
s of tests but the resulting positions of each steel in both tests 


tically the same as shown in the following table: 


Fat ig ue Test 







romium-vanadium A—Chromium 
um-vanadium i—Chromium-molybdenum 
mium i—Chromium-molybdenum 


Be nding Te St 





im-Vanadium >—Chromium 


} 
lum-vanadium I’—Chromium-molybdenum 
nium I: 









Chromium-molybdenum 






hese test results offer some confirmation of actual service 


; } 
RTS na 






experience with bearings in operation. On several in- 


bearing rings have been put in service, made from steel 






ieavy segregation. The results pointed unmistakably to 
ority of this material. 


also interesting to note that of a comparatively small 
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percentage of bearings returned from service as defecti 
terial, the majority of those returned show this excessiy 


segregation. Some manufacturers have for some time 








the elimination of this structure sufficiently important 
effect a bar-to-bar microscopic inspection. 





The results obtained apply more specifically to th 





of the bearing which receive little or no hot or cold wor 








fabrication. Thus most of the smaller race rings, say 





inches in diameter, are turned in automatie serew mac! 





receive no working or deformation. The so-called ‘‘ turn 











(i. e., balls which are eut from spherical form bar sto 








under the same category. 





Rings varying in size from 2.5 inches to about 4 or 


A 





are in many instances hot upset from bar stock. The sam 





to probably a majority of the balls now manutactured 








U. S., i. e., they are hot or cold upset from bar stock or wir 





these cases the actual amount of the reduction or deto 








determines whether the structure of the bar stoek is bro 





and to what extent the test results apply. Many instan 








than broken up have been seen. The rings above 5 inches 





most cases hammer forgings. The amount of hot work 














eases is always sufficient to break up segregation in this bh 


Hence the conelusion to be drawn both from laboratory and 





ice tests is that the quality of the steel is largely det 





by the size and distribution of the cementite. 





The author wishes to thank F. R. Schubert former! 








Strom Ball Bearing Manufacturing Company, Chicago, fo) 





granting the facilities for this investigation. He also is Ind 
W. P. Sykes of the National Lamp Works, Cleveland Oh 
the photomicrographs at 500 diameters and to O. V. Ceder!y 














the McGill Metal Company for supervision of most otf 





upset forged rings in which the segregation was displaced rat 
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>--ATION OF SURFACE TO VOLUME IN CRYSTALS AS 
A DETERMINING FACTOR IN GRAIN 
GROWTH OF METALS 


By G. W. WALKER 


Abstract 
















In this paper an attempt is made to obtain a more 
itical view of the mechamsm rnvolved in the grain 
owth of metals taking into consideration the physical 
actors: surface, volume, surface tension, surface energy, 
solubility, boundary migration, etc. Also an attempt 
is made to consider these phenomena in a quantitative 
iwpect as far as data is available. In connection with 
is discussion some of the statements of Jeffries and 
trcher as given in their book, *' The Science of Metals’’ 
¢ consid red and criticized. 













: | I1E relation of surface to volume as an important and deter- 

mining factor in affecting the physical properties of ecrys- 
talline aggregates has been largely overlooked by metallurgists. 
In discussing the ‘‘Possible Causes of Grain Growth,’’ Jeffries 
nd Archer in ‘‘Seience of Metals’’, 1924, p. 119, state: ‘‘The 


toms at the surface of a liquid or solid body are less subject to 






the attraction of their neighbors than are the atoms in the in- 










rior. They are, therefore, more free to move and, consequently, 
possess more energy of motion. <A ‘free’ surface of any body is 
thus a locus of extra energy, known as ‘surface energy’ or some 
times ‘surface tension.’ ’’ Now exactly what is meant by the 
statement that ‘‘the atoms at the surface of a liquid or solid 













body are less subject to the attraction of their neighbors than 
re the atoms in the interior’’? Is molecular attraction a vari- 
ble force, as the above statement implies, or is it constant? Any 
dven atom in the interior of a liquid has a certain number of 
ghbors within the limits of molecular attraction, under given 
nditions of temperature and pressure. If this atom is now moved 

he surface of the liquid it will have only half as many neigh- 
Ss Within the radius of molecular attraction. This attraction 
exerted along the surface by neighbors in the surface and 


rd in all directions by neighbors below the surface. The 











ithor, G. W. Walker, was formerly metallurgist of Hupp Motor Car 
n, Detroit. 


















































































































































effeet at 


surface tension. 


The pull of this elastic membrane gives 

Hence the correct statement of the fact 
that the atoms at the surface are ‘‘less subject to the at 
of their neighbors,’’ but that they are subject to the at; 
of fewer neighbors and are thus more free to move. 
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the surface is that 
the surface.’’ 








of 


THE 


** an 









elast 1c 


rs. S © A 


membrane 


implies that en 
motion is a result of being more free to move. 


In what 


My, 
ment that: ‘‘They are therefore more free to move and 
quently, possess more energy of motion,’’ 


a body more free to move possess more energy of motion 


if it does possess more energy, how does it get it? 


The surface tension of a liquid decreases as the tem; 
rises and becomes zero at the eritical temperature of th 
At the eritical temperature of the liquid, a molecule of the 


is most free to move. 


As the temperature falls, surface 


Te) 


increases, and a molecule of liquid at the surface is less fr 
move, as it now has more neighbors within the molecular rad 


of attraction. 


In order to give the molecule greater freed 
movement, heat must be added to the liquid. 


In 


other 


freedom of movement results from the addition of energy in 


form of 


heat. 


Therefore, more energy of motion results 


‘ 


‘atoms’ 


, 


are 


’ 


more 


free to move 


is 


the addition of more energy in the form of heat, and as a res 
the ‘‘atoms are more free to move.’ 
Consequently, the 


ha; 


they have received more energy of motion and not as stated 


‘“They are therefore more free to move and, consequently, 


more energy of motion.”’ 
The statement is made that: ‘‘A ‘free’ 


tension.’ ”’ 


Surface 


tension 


surface of an) 
is thus a locus of extra energy, known as ‘surface energy’ o 
times ‘surface 


and surface 


are not the same thing as is implied in the above statement 
stated by Willows and Hatschek, ‘‘Surface Tension and Surfa 


Knergy,’’ 


~~ o. 


it 


is not correct to define the surf 


tension as surface energy per square centimeter.’’ 


Work is required to produce an increase in surface. 


temperature remains the same, the work goes to increase tli 


face energy. 


‘ y 


In addition, heat must flow into the surface 
to keep the temperature constant. 


This also increases the ene! 
‘‘The total energy of the surface, therefore, consists of two 


y 

















and the other 


surface. 
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| one represents the amount of work done against surface 


during the extension 
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On page 119, ‘*Seience of Metals,’’ the authors conelude from 


itements previously quoted and examined, that: ‘‘ There is, 


re, a tendency for small particles, such as a drop of a 


or erystals of a solid, to unite to form larger particles, 


n doing so they diminish their surface area and hence their 


nerey - 


is difficult to see how the above conclusions ean be clearly 


to follow from the previous statements. 


restatement 


the opening sentence of 


It is nothing more 


the paragraph, 


Grain growth obviously results from the tendency of mat 


assume the 


form of least energy.’ 
tion of evolution as the integration of 


ant dissipation of energy. 


physical stability, which is 
This reminds one of Herbert Spencer’s 


matter with the con 


page 121 et seq., the authors say: ‘‘The factors affecting 


stability of grains of a metal, and hence the growth force, 


been indicated (size, shape, surface, and distortion).’’ Re 


‘“Shape and Surface of Grains,’’ 


they say: ‘‘There are 


utly found, even in unstrained metals, grains of such elon 


or extended shape that the ratio of surface area to volume 


bnormally high 


are less stable than 


for grains of 


erains of the same size 


Presumably, such 


but of more 


equiaxed shape, which, therefore, tend to grow at the ex- 


of the former.’’ 


the authors 


say is that 


bodies of equal volume, the sphere has the least surface in 


roportion to the given volume. 


of surface in proportion to volume, will be 


crains that 


is, the gcreatest 


ortion to the volume, that is, the ratio of surface to volume 


lowest. Of volume, the 


n that departs the most widely from the spherical shape will 
the highest ratio, that 


surface in 


Such grains, owing to greater 
ess stable than 
rains of equal volume having smaller surfaces, and hence the 


will ‘‘tend to grow at the expense of the former.’’ 


reason for this tendency is stated as follows: 


‘““The tend- 


[ metals to reduce their store of energy by increasing their 


e is the factor which has probably been considered the 
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principal cause of grain growth.’’ Also, ‘‘The 
that grain size 


authors 
furnishes the basis for a complet 
factory theory of grain growth.’’ 











Jeffries and Archer have not fully and clearly deve! 
implications contained in their statements. If grain gro 








place by boundary migration, as appears fairly conclusivel) 





then the relations of surface, volume, surface energy, 
face tension are of fundamental importance in reaching 
quate explanation of grain growth. 











Is decrease in surface area and hence total 








energy a sufi 
ently clear explanation of the tendency of smaller par‘ 
unite to form larger particles? If this tendeney as a 
law exists, then the matter of the universe must finally 








11?) > 
(TliVeys 











lected into one mass—a perfect sphere. On the other hand 
smaller the particle, the greater the surface area and the 











the total energy. Hence an infinitely small particle would | 


4 








an infinitely large surface in proportion to volume and an i; 





CSN 





finitely large total energy. Either way the explanation d 
seem entirely adequate. 








On the basis that metals generally crystallize in the forn 
cubes, the following results have been calculated as to the 
tion of total surface to volume as the erystals decrease in 








\ 


Kdge of Cube 





Ratio of Surface to \ 








41.000” 6:1 
0.125 18:1] 
0.0075625 768: 1] 
0.0009453 6104: 1] 
0.000059 97664:1 








Here we have shown the interesting and surprising fact that 
grains of microscopic size, the ratio of surface to volume n 
be relatively enormous. 











Along with the great increase in surface there must 














in surface tension, surface energy, solubility, boundary mi 
tion, ete. 











The very large extension of surface in grains of small s 
render them much more open to attack and disintegrat! 
compared with grains of larger size. Hence in solutions sma 
grains are more rapidly dissolved than large ones. In thie ca 




















of the inflow of heat, the larger surface in proportion to 
allows of more rapid absorption of heat and hence mor 








\- 


spondingly go great changes in surface phenomena, that is, changes 





the 
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n and disintegration as the temperature Is raised. 
\n important surface effect is the relation between melting 
and size of particles. Pawlow, as quoted by Willows and 
Hatschek, found that ‘‘granules of salol with a surface of 
230-1300n" have a melting point 2.0 degrees Cent. lower than 
particles with a surface 100 times greater, i. e.. with ten times 
iter diameter.”’ 
\s stated by Willows and Hatschek, ‘‘Surface Tension and 
uace Energy,”’ p. 23: ‘‘osmotie pressures are proportional to 
the number of molecules dissolved in the same volume. or — 
vords, to the solubilities of large and smal] particles respectively, 
ind will be different if these solubilities are different.’’ 


In the case of calcium sulphate it was found by Tlulett, that 


. was 18.2 millimoles per liter for particles of a radius 
000038 em., and 15.33 millimoles for particles of a radius, 


0002 em., so that the smaller particle shows considerably larger solu 
y 


Since osmotic pressures are proportional to the amounts dis 
solved, the smaller particles show higher osmotic pressures. <As 
Willows and Hatschek show: ‘‘since the bio drop has a smaller 
surface than equal volume of small ones,’’ the transfer of a quan 
lity of a liquid from one to the other ‘‘leads to a decrease of 
surtace energy and at the same time liquid is taken from a place 

higher to a place of lower vapor pressure. The growth of 

rticles in a precipitate or in a supersaturated solution is found 
to occur in a similar manner, i. e., large erystals grow at the ex- 
pense of small ones; but there we have to deal with the decrease 
n energy of a surface solid-liquid .... and a transfer of matter 
irom a place where the osmotic pressure is higher to one where 
is lower.’’ 


Decrease in Ss1ze ot crystals is no doubt accompanied by 


‘hanges in surface tension as the ratio of surface to volume in- 
‘ases. Also, as Willows and THatschek say: “‘we know that 

surface tension of a liquid increases with falling tempera- 

and it is, therefore. improbable that it should suddenly 
sappear when the temperature falls to the freezing point and 
the liquid changes to a solid.’’? The change from the liquid to the 
| state and decrease in grain size should bring about high 


e tension. Surface tension is accompanied by internal or 
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intrinsic pressure. 
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mm 2, 


According to Willows and Hatsche!l 


high intrinsic pressures must be accompanied 


surface tensions, since surface 


same cohesive 


foree 


as 


Causes 


tension should be accompanied 


Which has 


The surface tension of calcium sulphate has been foun 
1100 dyne per centimeter and of barium sulphate 4000 dy, 


centimeter. 


confirm the conclusion to which we have come on general eroiiy 


As Willows and Hatsechek say: ‘‘these figures entire 


low 


compressibility 


is shown 
pressure of about 11,000 atmospheres. 


to 


pressure. H 


tension is a manifestatio) 
intrinsic 


wh 


by low compressibilities, ’ 


have an 


that the surface tension of solids must have high values.’ 


Reduction in grain size in metals is brought about | 


or heat and work. 


by the use of energy, thermal or mechanical or both. 


refinement obtained is the equivalent of the amount of 


necessary to bring about the increase of surface to volume nec 


sary for the refinement. 


This energy may be considered to be stored in the erystal 


1 


obtained in the form of surface tension, surface energy, 


pressure, and intrinsic pressure. 


than large ones in proportion to the amount of energy requ 


to bring about the refinement. 


crowth. 


Written 


‘*We have read with much interest your manuscript ‘The Relatio 





Discussion: 





By 


face to Volume in Crystals 
Metals.” The 


ideas which you have expressed seem to us to be subst 


the same as our 


the fact that you have considerably expanded the idea of relation of s 


own 


as given in ‘The Seience of 


Dr. 


as 








Zay Jeffries and R. 


Small erystals are more unstal 


DISCUSSION 


Metals.’ 


you will find that the chief difference is in the manner of expressio! 


S. Archer 
From a letter addressed to the author of the paper. 


We bi 


volume and have given more thought to quantitative considerations. 


‘*On page 619 you question the following sentence: ‘The atoms at 
face of a liquid or solid body are less subject to the attraction of tlh 
bors than are 


more clear if 


inated by. 


the atoms in 


‘Referring 


Tr 


the words ‘ subject 


to 


the 


use 


of 


the interior, , 


the 


to’ we 


terms 


This statement is not 
ply a variable force as you have interpreted it. 
f¢ 


me 


In any case grain refinement is brought 


} 


( 


a Determining Factor in Grain G 


Its meaning will pe 


substitute the expressi 


‘surface 


tension’ 


and 





Ai 


Thus we arrive at a more crit 
and fundamental insight as to the causes and conditions of er: 


} 
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apparent that there is a distinction since one re presents a force 

other energy. It is a fact, however, as stated in the book, that these 
have often been used interchangeably. The actual statement in the 
follows: ‘A free surface of any body is thus a locus of extra 
known as Surface energy or sometimes surface tension.’ It is 
that neither the surface energy nor the surface tension is actually 


for any solid substance. The whole subject therefore as regards solids 


at the present time, under the head of qualitative phenomena. 


in page 622 you state: ‘In the case of the intlow of heat, the larger sur 
proportion to volume allows of more rapid absorption of heat and hence 
pid solution and disintegration as the temperature is raised.’ Thi 
accordance with our ideas; in fact it seems to us that a coarse grained 
hould be a better conductor of heat than a fine-grained metal on ac 
f the greater resistance to conduction at the grain boundaries. 
uu have referred to the effect of partic le size on the olubility of eal 
te. An example of this is also given in ‘The Science of Metals’ on 
Apparently our example is the same as the one you have quoted, 
rh the figures for solubility do not check exactly when transposed from 
nit to the other. 
You have also given an example of the effect of particle size on melting 
referring to Salol. You will note on page in ©The Getenen of 
in example of the effect of particle size ie melting point of 
acid, 
have evidently given considerable thought to this subject and hav 
very clear statement. It is to be hoped that your contribution will 
ite thought by others and perhaps result in valuable changes or addi 


the theory of grain growth.’’ 











































































































































Educational Section 


These Articles Have Been Selected Primarily For Their Educationa| 
And Informational Character As Distinguished From 
Reports Of Investigations And Research 


THE CONSTITUTION OF STEEL AND CAST IRON 


PART VIII 
= 


SISCO 


Abstract 








The present installment, the eighth of the seri: 
discusses the constitution of the iron-carbon alloys con 
taining 4.30 to 6.67 per cent carbon. These alloys a) 
the hypereutectic cast irons and are made up of an « 
lectic of saturated austenite and cementite and. the ec. 
cess constituent, cementite. The constitutional chanu 


in this serves of alloys when cooled from the molt 
state to atmospheric temperature are described. In cor 
clusion, the behavior of the whole serves of ron carbo) 
alloys containing 0.01 to 6.67 per cent carbon, in coo 
ing from a high temperature, is reviewed briefly. 


N the previous chapter we studied the constitution of the cast 
irons containing between 1.70 per cent and 4.30 per cent carbor 
equivalent to 25.5 to 64.5 per cent cementite. When solidificatio 
is complete these alloys are made up of two constituents, saturat 
austenite or gamma iron containing 25.5 per cent iron carbide 
solid solution and cementite (iron carbide). We saw that sat 
urated austenite and cementite form an eutectic or lowest melti 
alloy containing 4.30 per cent carbon and consisting of 48 pe 
cent saturated austenite and 52 per cent cementite. If the allo) 
contains less than 4.30 per cent carbon it will contain less thar 
o2 per cent cementite, hence there will be some saturated auste 
ite in excess of the eutectoid ratio and we will have a hypoeutect 
alloy. Instead of solidifying at a constant temperature this allo 
will have a freezing range or mushy stage. Freezing will bezu 
by the separation of the excess saturated austenite. 

As soon as the hypoeutectie cast irons are completely froze 


The author, F. T. Sisco, is Chief of the Metallurgical Laborato! 
Corps, War Department, MeCook Field, Dayton, Ohio. 
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ormations in the solid state take place. The first trans 


ion is the rejection of cementite from the saturated austen 


the alloy cools from 2065 degrees Fahr. (1130 degrees Cent. ) 


1300 degrees Fahr. (700 degrees Cent.), until when this latter 


iz 


perature is passed the rejection is complete and the saturated 


istenite has been transtormed into an aggregate of six parts of 






nearlite and one part of pro-eutectoid cementite. 










SOLIDIFICATION AND COOLING OF Kurreric Casir TRON 











Referring to Fig. 44 which has been reproduced from the 
ist installment, it will be noted that the point B represents the 


omposition of the eutectic iron-carbon alloy. This alloy contains 







130 per cent carbon equivalent to 64.5 per cent cementite. We 
tudied the characteristies and structure of this alloy in the previ 
is installment. 

‘To trace the constitutional changes taking place in the eutectic 
ast iron we will take the ordinate N, Fig. 44, and will follow the 


ooling of the alloy represented by this vertical line. At 







any 
temperature above B, 2730 degrees Fahr. (1500 degrees Cent. 
for example, the alloy is a molten solution of carbon (or iron 


arbide) in iron. This solution cools unchanged until 





a tempera 


ture of 2065 degrees Fahr. (1130 degrees Cent.) is reached, point 





b, Fig. 44. This is the freezing point of the eutectic; the whole 






mass of metal freezes unselectively at this temperature. Immedi- 


ately after solidification the solid eutectic consists of tS per eent 





saturated austenite and 52 per cent eutectic cementite. 







As the alloy cools from 2065 degrees Fahr. to 1300 degrees 
ahr TOO degrees Cent. ) the austenite expels the proeutectoid 


ementite as it cools along the line ES (Fie. 44) until at 1300 







} 


degrees Fahr. the remaining austenite now of eutectoid composi 
tion is transformed into pearlite. When all of the transformations 
have taken place a east iron containing 4.3 per cent earbon will 
ontain 4] per cent pearlite, 6.6 per cent proeutectoid (excess ) 
ementite, and 52 per cent eutectic cementite. The ultimate com 


? 


ion Will be 35.5 per cent ferrite and 64.5 per cent cementite. 
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LIDIFICATION AND COOLING OF IlYPEREUTECTIC CAST IRON 











\s representative of the hypereutectic cast iron series we 





ce the solidification and constitutional changes in cooling 
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CAST IRON 





Hypo-eutecti(c 


MOLTEN j|CAST IRON 


SOLID 
USTENITE 

: The Austenite | 
liypo- | 
i 
|SOLID EUTECTIC4+PRIMARY AUSTENITE SOLID EUTECTI 


| i 
+ PRO-EUTECTOID CEMENTITE + PROQ-EUTEC! 
| 


| 
| | 
| 


’ ' 
. | 
8A B! 


\ 
| 
| 
| 

i 
| | | 


ris 
| 
| 
| 


PEARLITI PEARLITE PEARLITE +! CEMENTITE, PEARLITE + CEMI 
i ' i ' 

a + | 

PKO-RUTEC PRO. BUTE 





BOTH EUTECTIC AND PRIMARY, 
: 

! PRO-EUTECTOID f= AND PRO-I 

| rOrD 


1-FERRITE 


Blae Oxside 





CARBON, PERCENT 
The Metastable or Cementite-Austenite Iron-Carbon Diagram 
an iron-carbon alloy containing 4.80 per cent carbon 
Nig. 44. At a temperature of 2910 degrees Fahr. 


grees Cent.) the alloy is a molten solution of 4.8 per ce 
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72 per cent iron carbide in iron. From this temperature the 
| ools unchanged and at a uniform rate until 2585 degrees 
ahr 1420 degrees Cent.) is reached. Here an arrest in the 

roceurs. At this point the cementite in excess of the eutectic 


starts to solidify. This excess cementite continues to pre 







nitate out of solution as the alloy cools from 2585 degrees Fahr. 
‘> 2065 degrees Fahr., following the line DB, Fig. 44. 
The precipitation of the excess cementite impoverishes the 
remaining melt in carbon until it has reached the eutectic per- 
entage, when the whole mass solidifies. At the point B the com 






position of the cast iron is 79 per cent eutectic and 21 per cent 
f primary (excess) cementite. As the alloy cools from 2065 de- 
erees Fahr. (1130 degrees Cent.) to 1300 degrees Fahr. (700 
degrees Cent.) the austenite rejects the proeutectoid cementite 
intil at 1300 degrees Fahr. it has reached the eutectoid composi 
on and is transformed into pearlite. 












CONSTITUTION OF HYPEREUTECTIC CAST IRON 







Immediately after solidification a hypereutectie cast iron con 





taining 4.8 per cent carbon consists of 38 per cent eutectic austen 
te, 41 per cent eutectic cementite, and 21 per cent primary cemen 






te. The structure of such an iron is shown in Fig. 52 and at 
higher magnification in Fig. 53 from Sauveur*®’? and in Fig. 54 





from Howe.*® The structure consists of a matrix of austenite 
ementite eutectic and islands of free cementite. The free cementite 
ordinarily occurs as hard white needles embedded in the eutectic. 
If we compare the structure of hypereutectie cast iron as 
shown in Figs. 52, 53 and 54 with the structure of hypoeutectic 
ast iron of Figs. 48 and 49°® we will see some striking similar- 
ties. In both cases the matrix is made up of parallel plates or 
neycomb of the austenite-cementite eutectic. The free con 
‘tituent is embedded in this eutectic as spines or isolated islands. 
In our hypereutectic alloy the excess constituent (cementite) takes 
the form of needles; in the hypoeutectic alloys the excess con 
tuent (saturated austenite) erystallizes as elongated islands 

















sraphy and Heat Treatment of Iron and Steel, 1926, p. 432 





graphy of Steel and Cast Iron, 1916, plate 1. 
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Figs. 52 and 53—Iron-Carbon Alloy. Hypereutectic. Structure Imme 
Solidification. Needles of Cementite in a Matrix of Austenite-Cementite Eutect fem) 
Mag. 65 and 980X respectively Fig. 54—Hypereutectic Cast Iren. White B 
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many of which have a pine-tree structure. 


The hypereut 
east irons may be readily distinguished from the hypo 
alloys by the appearance and shape of the excess const 
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<eess cementite occurs as hard, white needles; excess austenite 
jhes dark and is more irregular in shape. 

Qur hypereutectic cast iron containing 4.8 per cent carbon 
ymediately after solidification contains 79 per cent eutectic and 
o] per cent primary (excess) cementite. The eutectic which 
nakes Up 79 per cent of the structure is composed of 38 per cent 
itectic austenite and 41 per cent eutectic cementite. The ce- 


entite, both excess and in the eutectic, cools unchanged®’ to 


















tmospheric temperature. The austenite undergoes transforma- 

fon during the cooling, the cementite in excess of the eutectoid 
tio being rejected by the solid solution. 

After all transformations are complete our hypereutectie al- 

will have the following structural composition.”! 





Per Cent 


Pearlite 32 
Proeutectoid Cementite 5.2 
Kutectic Cementite +] 
Primary Cementite 2] 


Krom this we see that the hypereutectie cast irons will have 
ur classes of cementite present: (1) the primary cementite 
hich was in exeess of the eutectic ratio; (2) the cementite in 


) 


he eutectic; (3) the cementite rejected from austenite and ealled 
roeutectoid cementite; and (4) the cementite in the pearlite 


goregate, 






SUMMARY OF CONSTITUTIONAL CHANGES IN THE 


LRON-CARBON ALLOYS 


In order to view clearly the constitutional changes taking 








we in the whole series of iron-carbon alloys we will summarize 

efly, tracing the cooling of pure iron and seven alloys, repre- 

vented on Fig. 44 by the ordinates I, J, H, K, M, N and P. 
l—At 3000 degrees Fahr. pure iron is molten. It cools uni- 


mmly until 2785 degrees Fahr. is reached (point A, Fig. 44) 


i constant temperature the whole melt solidifies as gamma 
rn. Krom this point cooling is uniform and uninterrupted until 
uperature of 1650 degrees Fahr. is reached (point G, Fig. 
vhich temperature the iron undergoes allotropic trans- 

into beta iron. There is no further change until 1400 


t 
i ( 








s that the cementite does not break d n into iron grapl 
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degrees Fahr. is reached at which point the beta iron 
formed into alpha iron. From 1400 degrees Fahr. 
cools unchanged to atmospheric temperature when thi 
all in the form of pure alpha ferrite. 

2—At 3000 degrees Fahr. a 0.20 per cent carbo: 
molten (ordinate L, Fig. 44), and consists of a molten 
of 3 per cent iron earbide in iron. Cooling is unifo) 
2750 degrees Fahr. is reached (point L’, Fig. 44) where the » 
starts to solidify by depositing a solid solution of iron 
gamma iron known as austenite. This deposition of aust 
eontinues while the metal is cooling from 2750 degrees Fahr. J, 
to 2550 degrees Fahr., L*, at which temperature solidification js 
complete. Cooling is uniform to a temperature of 1550 degrees 
Fahr., point L*, where part of the gamma iron is chai 
beta iron enriching the remaining austenite in earbon. A{ 
degrees Fahr., point L‘, the beta iron is transformed int 
iron. This transformation continues until 1300 degrees Fahr., 
L°, is reached when the remaining austenite, now of eut 
composition, is changed to pearlite. At atmospheric temperat 
the steel is made up of 76.6 per cent free ferrite and 234 
cent pearlite. 

3—At 3000 degrees Fahr. a 0.40 per cent carbon stee 
molten (ordinate J, Fig. 44) and consists of a molten soluti 
of 6 per cent iron carbide in iron. Cooling is uniform unt 
temperature of 2670 degrees Fahr. is reached (point J‘, Fig. 44 
Here solidification starts by deposition of solid austenite. Sol 
ification continues through the mushy stage J* to J® (2670 
grees Fahr. to 2460 degrees Fahr.). The now solidified austen 
eools unchanged until a temperature of 1430 degrees Fahr. 
reached. This temperature marks the beginning of the allotro| 
change of the gamma to beta and alpha iron which is complet 
at 1300 degrees Fahr., point Lt, Fig. 44. By the time this chang 
‘is complete the remaining austenite has reached the eutectoi’ 
composition and transforms into pearlite. At atmospheric 
perature the steel contains 46.8 per cent pearlite and 53.2 per 
free ferrite. 

4—At 3000 degrees Fahr. a 0.90 per cent carbon steel 
molten (ordinate H, Fig. 44) and consists of a molten solutio 
of 13.5 per cent iron carbide in iron. Cooling is uniform 
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ntinues while the metal is cooling from 1880 to 
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erature of 2660 degrees Fahr. is reached (point H’, Fig. 

(his is the liquidus where freezing of the austenite begins. 

ation 1s complete when the alloy has cooled to 2230 de 

; Fahr. (point H’, Fig. 44). The austenite cools unchanged 

Hi? to point S, Fig. 44, that is from 2230 degrees Fahr. to 

decrees Fahr. At this latter temperature the solid solu 

n which is already of eutectoid composition changes to pearlite. 
ittmospherie temperature the steel is 100 per cent pearlite. 

.—At 3000 degrees Fahr. a 1.45 per cent carbon steel is molten 


dinate K, Fig. 44) and consists of a molten solution of 21.7 


ent cementite in iron. Cooling is uniform until a tempera 
f 2600 degrees Fahr. is reached (point K’*, Fig. 44). Solid 
ation starts at this temperature and is complete at 2100 de 
es Fahr. (point K?, Fig. 44). The solid solution cools 
ced until 1880 degrees Fahr. is reached (point 


un 


K*) when 
pitation of the excess cementite begins. This precipitation 
1300 degrees 
hr. At this latter temperature (point K*) the remaining austen 
of eutectoid composition changes to pearlite. At atmos 
temperature the steel is made up of 10 per cent cementite 
90 per cent pearlite. 
6—At 3000 degrees Fahr. an iron-carbon alloy containing 


cent earbon (ordinate M, Fig. 44) is wholly molten and 


nsists of a molten solution of 45 per cent iron carbide in iron. The 


cools unchanged until a temperature of 2325 degrees Fahr. 


eached (point M’, Fig. 44). At this point solidification be- 


s by the deposition of saturated austenite (a solid solution of 


) per cent cementite in gamma iron). As the temperature 
NNO 


ls from 2325 degrees Fahr., point M’, to 2065, point M?, more 


turated austenite is precipitated from the melt, enriching the 
remaining molten alloy in cementite. By the time the tempera- 
ire has fallen to 2065 degrees Fahr. the remaining molten metal 


s reached the eutectic composition. 


When solidification is complete the alloy is composed of 50 


excess or proeutectic austenite and 50 per cent eutectic, 
‘i is made up of 24 per cent eutectic austenite and 26 per 
tectie cementite. As the alloy cools from 2065 degrees 


pot M?, to 1300 degrees Fahr.. M°. (the transformation 


he austenite rejects the cementite which is in excess of 
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1300 degrees 


4. 8. 8: Zz. 


Kahr. is 


i 


rejection is complete and the remaining austenite now o| 


composition is transformed into pearlite. 


At 


atmosp| 


perature the alloy is made up of 64 per cent pearlite, 1 


proeutectoid cementite, and 26 per cent eutectic cement 


are three 


classes ot 


cementite 


present ; 


(a) 


(b) proeutectoid cementite, (c) eutectic cementite. 


pearli 


te 


7—At 3000 degrees Fahr. an iron-carbon alloy 
4.30 per cent carbon (ordinate N, Fig. 44) is wholly m 


consists of a molten solution of 64.5 per cent iron carbid 
The alloy cools unchanged until a temperature of 2065 


Fahr. is reached (point B, Fig. 44) at which constant 


ture the 


saturated austenite and 52 per cent cementite. 


whole mass solidifies. 


After solidification 
composed wholly of eutectic which is made up of 


ing from 2065 degrees Fahr. (point 


(point N') the saturated austenite rejects cementite 


B) 


th 
$s 


During 


to 1300 deor ‘ 


ul 


nt 


1300 degrees Fahr. is reached the austenite is of eutectoid 


position and at this temperature is transformed into pearlit 
atmospheric temperature the alloy is made up of 


pearlite, 6.6 per cent 


eutectic cementite. 


8—At 3000 degrees Fahr. an iron-carbon alloy containi 
per cent carbon (ordinate P, Fig. 44) is wholly molten and « 
| 


proeutectoid cementite and 


+] 


~\) 
>. 


of a solution of 72.0 per cent cementite in molten iron. 


eools unchanged until a temperature of 2550 degrees Falir 


reached. 


ify. 


This solidification continues while the temperature fal! 


2550 degrees Fahr. to 2065 degrees Fahr. (point P* to P 


At this temperature the excess cementite starts to sol 


\ 


this latter temperature the molten metal is of eutectic comp 


and freezes. 


As the alloy cools from 2065 degrees Fahr 


degrees Fahr. the austenite rejects the proeutectoid 


until at 1300 degrees Fahr. the remaining austenite now 


toid composition changes into pearlite. 
ture the alloy is made up of 32 per cent pearlite, 
proeutectoid cementite, 41 per cent eutectic cementite 


cent excess 


cementite. 


Four 


classes 


of 


At atmospheric 


cementite 


Be 6) 
») 


art 


(a) the cementite in the pearlite aggregate, (b) the p! 


i? 


cementite which was rejected by the austenite in cooling 


; 
t 
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cementite which together with the austenite made up the 
and (d) the proeutectic cementite or the cementite in 
of the eutectic ratio. 

(he whole discussion of the iron-carbon diagram up to this 
ni has considered the steels and cast irons as alloys of iron 
and iron carbide, in other words, ferrite and cementite. Cementite 
s not the most stable form in which carbon exists: as has been 

ted in a previous installment it tends to dissociate into iron 
and carbon. When this occurs we have (in the case of the higher 
earbon alloys) free carbon or graphite present. The iron-graphite 
loys will be the next ones considered. 

After we have discussed the constitution of the gray irons, 
ve will proceed to the discussion of the influence of the other 
elements, manganese, silicon, sulphur and phosphorus on the east 
irons. This completed we will return to the steels and view their 
behavior when they are in a state of unstable (or metastable) 
equilibrium, in other words, when cooling is accelerated when the 
illoys are passing through the transformation ranges. This will 
onstitute an elementary discussion of the theory of heat treatment. 
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Comment and Discussion 


Papers and Articles Presented Before the Society and Published 
Transactions Are Open to Comment and Discussion in This Coluy, 





DISCUSSION OF DR. V. N. KRIVOBOK’S PAPER ENTITLED 
‘*‘DENDRITIC CRYSTALLIZATION AND GRAIN FORMATION 
IN STEELS’’' 





By Dr. ALBERT SAUVEUR 




















I R. KRIVOBOK, in his interesting contribution to the crysta 
iron and of steel, offers some valuable evidence in support 
tention that the dendrites formed during solidification break uy; 
micrograins on subsequent cooling. It does not seem reasonabl iss 
that the allotropie transformation iron undergoes when it passes 
gamma to its alpha condition is responsible for this granulation, 
the evidence we have that other metals and alloys which do not under 
tropie transformation exhibit dendritic granulation. Noting Dr. Krivol 
statement that, for like subsequent treatment, steel originally coarsely dendrit 
does not necessarily exhibit a coarser microstructure than a steel origi 


finely dendritic; and, admitting the correctness of that view, it does nm 


s 


course, follow that the size of the dendrites produced on solidification 
affect the final properties of manufactured articles. It remains 
large dendrites promote banding and directional properties, and 
more marked in impure steels and in steels containing an excessive an 
inclusions. This is in line with the results obtained by Mr. W. P. Bent: 
ported by Dr. Krivobok, in casting steel in molds respectively hot and 
The marked banding of the steel cast in the hot mold resulted undoubt: 
from the large dendrites produced, which also implies more intense der 
segregation. Even in chemically pure iron-carbon alloys, banding 
beeause of the dendritic segregation of carbon, although it should b 
pronounced than in impure alloys. Slow solidification, implying as it 
formation of large dendrites, should promote this banding. Dr. Kriv 
photomicrograph No. 25 is of especial interest, as it shows that gran 
has taken place after the steel had been ‘‘banded’’ by hot work 


Dr. Krivobok is to be congratulated on the skill with which lis ex 





ments were condueted and the soundness of his conclusions, 








‘TRANSACTIONS of American Society for Stecl Treating, Vol. 10, Novem) 
758 to 781 Also Preprint No. 6, eighth annual convention, Chicago, Sept 
10%6 
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PATENTS 


By NELSON LITTELL, Patent Attorney 


patent describes an electric furnace comprising a eylindrieal body 


il discharge spout 


s 6 which are 


roll 


‘ 





Is patent 


rails, wheels, 


\s a 








from above a temperature above the eritical range to one below 
i range, above the blue heat 
at 


r one hour, removed and allowed to cool in air. 


nace maintained 


to 


connected 


slidable vertically from the eve 


the eable 


to 


relates 


and 


the 


to a 
the 


example of the invention, rails of the 


Carbon 


a 


‘rs 9 and are controlled by 


outer 


process 


like 


Manganese 


Phosphorus 


Sulphur 


Silicon 


1000 degrees Fahr., and were kept at 


475 Fifth Ave., New York City—Member of A.S. S. T 


separate 


end 


of the eleetrode either horizontally or 


Heat Treatment of Steel, 





oft 


which 


0.63 to 


0.60 


range, 


top member 13, 


beams, 
10, 
of the trolley 6 SO 


vertically, 


Edward F. Kenney, 





heat 


have different 





Per Cent 
0.87 


to 0.90 


0,03 
0.05 


0.15 to 0.25 


The rails were 


| 616,796, Electric Furnace, A. E. Greene, of Seattle, Washington. 


ena 


etrodes 5 supported from vertical eye beams 4 by means of the trolley 


| 


The electrode 


nus to permit 


treating steel, particularly, 
degrees of 


composition 


ched in water for about thirty seconds from a temperature about 


legrees Fahr., bringing the temperature down to about 725 degrees 
then 


The re-hent 

















doors 19, 














by means 











holder 1 
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ing after quenching was for the purpose of equalizing the heat in t 
sections and the rails produced in this manner were much toug! 
tests than rails treated in the usual manner. 


1,619,829, Electric Resistance Muffle Furnace, Wilhelm Rohn, of Hanay 
on-the-Main, Germany, assignor to Charles Engelhard, Inc., a corpo: 
of New York, N. Y. 


tion 1,620 
Toronto, | 


This patent describes an electric resistance furnace in whi of Toront 


sistance members F are formed in substantial continuous band 


nl 
1} 


4 


Spy 


rf 


ae 4 
OE 


, | 
4 A444 4 


material imbedded in the spaces between the bricks a of the botto 
the side walls and c of the top being zizagged back and forth betv 


WPePy 


crevices of the bricks. The electrical connections in this manner ma 
reduced to 2 minimum and a furnace constructed in an economical mann 


1,619,399, Production of Thin Steel, Porter H. Brace, of Wilkinsburg, 
Pennsylvania, assignor to Westinghouse Electric & Manufacturing Company 


1,620,0 
a corporation of Pennsylvania. 


Czochralsk: 
This patent describes the process of producing extremely tlin st assignors, 

sheets for use in cores and pole pieces of high frequency electrical appara' 

It is the object of the invention to provide sheets of a thickness of 2 

or less having a smooth surface and uniform cross-section. The 

thinness is produced by rolling a pack of thicker sheets at a tem 

of 1380 to 1470 degrees Fahr. (750 to 800 degrees Cent.) to proc 

vidual sheets of 5 mils in thickness which are then individual!) 

rolled, then re-stacked and hot-rolled at a temperature of 1290 

degrees Fahr. (700 to 750 degrees Cent.) to produce sheets of about » 








Ikinsburg, 
Company 
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s which are again individually cold-rolled, re-stacked and anneale ! 
1090 to 1380 degrees Fahr. (700 to 800 degrees Cent.), and cold-rolled in 
| produce sheets of about 1.5 mils in thickness. Further reduc 
ekness may be made by carrying the process further. 
















1,620,880, Process of Producing Metallic Oxides, George B. Filmer, of 
Toronto, Ontario, Canada, assignor of One-Half to Walter James Harvey, 
of Toronto, Ontario, Canada, 

This patent describes a furnace for producing metallic oxide composed 

tory bottom 4 through which the ends of the electodes 1 extend. 
tes the walls of the furnace; 2, the furnace chamber, 12 the chute 
which the metal to be oxidized is introduced, and 5 and 7 flues for 


WN 





i. 
\\ MISTI IIS 
= {| 
I Led dh 
rittattte ty bed 


IAT IAAI 





ng the exhaust and inlet of gases into the furnace. In the use o! 
furnace, Zine for example is fed from the chute 12 on to the bath of 
molten refractory material 4 and as the fumes rise through the flues 

is admitted in regulated means by means of the air passages 11 t 


ert 






the fumes in an oxide which is precipitated into any suitable 
ptacle. The flue 5 is used to remove the waste gases from the furnace 


operation is first started and before the metal is introduced therein. 








1,620,081 and 1,620,082, Alloy of Lithium and Aluminum, Johann 
Czochralski and George Welter of Frankfort-on-the-Main, Germany, 
‘ssignors, by Mesne Assignments, to Allied Process Corporation, of New 
York, N. Y., a corporation of New York. 


these patents describe alloys of lithium and aluminum containing also 

copper, manganese, and other materials if desired. The aluminum 

n alloy may contain as much as 40 per cent of lithium and should 
ve substantially free from silicon. The alloy may be used for drawing, 
‘ling, forging, welding, and the like, and may be substantially improvec: 
leat treatment, 
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Abstracts of Technical Articles 


Brief Reviews of Foreign Publications of Inter 
To Metallurgists and Steel Treaters 


FUSION WELDING AND ENDURANCE FRACTURE. 
Schottky. Kruppsche Monatshefte, December, 1926, p. 213 to 21 

This paper deals with fractures of machine parts, being co. 
the applying of welding material and reasons are discussed why 
method exposes the parts to the liability of failure. 

In all eases the fracture proceeds from the weld and as 
material possesses only a low carbon content and numerous inclus 
and pores, cracks are formed in it when the pieces are put under 
stress; these cracks act as notches in the material and the dang 
ing is considerably increased; furthermore the original mater 
a change on its surface by the welding, which may be called as 
or feeble hardening. Greater attention should be paid to the 
welding. 


Abstracted by Dr. Hans Polla 


THE PRESENT STATE OF HARD METALS AND THEIR A 
CATION. By Ing. E. Giildner, Tiibingen. Maschinenbau, August 
p. 744-746, 

The causes of the failures in the use of American stellite 
on its unequalness, on its porosity and on the difficulty experienc 
the alloy with the support by soldering or welding. 

Today these deficiencies have been overcome. Different G 
produce a hard metal of uniform chemical composition, practically 
pores, 

By the application of Walter’s patent there is a marked 
in the junction of the hard alloy with its support through the elu 
pores. This invention provides that the hard metal be deposited o1 
port in the liquid state. 

The formation of pores may be entirely avoided by skilful 
the method. The eutting qualities of the hard metal are impr 
grain refining taking place. 

Hard metal tools may be employed for rough machining 4s 
smoothing. For small cutting effects the hard metal is unsuita! 
ferior to high speed steel. The cutting speed depends on the proper 
material being cut and on the cross section of the turnings. 

The speed of machining is dependent upon the tensile strer 
material, although the toughness is of great importance. 

Brass, copper, bronze may be economically machined wit! 


the high eutting speed of 675 to 975 feet per minute, required for t 
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nly be obtained in few cases on the commonly used machines. 





pplication range of hard metal extends from 300 to 600 degrees 






to 1112 degrees Fahr.) and even to S800 









degrees Cent. (1472 










Abstracted by Dr. Hans Pollack, (re 


nia 








INCREASE OF THE 





DURATION OF LIFE OF DIES FOR 







STAMPING BRASS. By Dr.-Ing. A. Aronheim, Berlin. Maschinenba 
1926, p. 887 to 89. 
[his paper deals with the investigations made by the author in the 


cable work of the AEG to elear 





up the causes of the gr 






at die 
‘ tion and devise a method of increasing the durability of dies. 


iuthor discusses detailed the qualification of the machines used for 
st mping of brass and the properties of die steel. 
mn steel, containing 0.9-1,00 per cent Carbon and case hardened open 


steel possess a low durability for this purpose. 






the author used a chromium-nieckel 











steel ot the following chemical 
sition: @arbon, 0.16; nickel, 4.72: 





chromium, 1.41; manganese, 0.46: 
1; phosphorus, 0.03; sulphur, 0.02. This 






steel was heated on S0U 






vrees Cent. (1472 degrees Fahr.) and 














air-cooled or quenched in oil and 

red at 250 to 300 degrees Cent. (482 to 572 degrees Fahr.). but the 
dies inclined to eracks. 

s chromium-nickel steel was case-hardened; the carburizing tempera 


o0 degrees Cent. (1382 degrees Fahr.). After carburizing the die 
1 in the box out of the furnace, reheated to 750 degrees Cent. 


es Fahr.), quenched in oil and drawn at 





1382 






300 degrees Cent. 1572? 
Mahr.). When so treated and heated the 
The durability of the dies was 


de 





best results were ob 





increased by the three-to-fivefold 
ng to the form of the die. 











Abstracted by Dr. Hlans Pollack, (re 


Ppuny, 









APPLICATION OF X-RAYS FOR THE 


EXAMINATION Ol 
\TERIALS. By G. Saehs, Berlin-Dahlem. 


Report ot the Kaiser-Wilhelm 
Vereins Deutscher 





fuer Metallforsechung. Zeitschrift des 
1, 1926, p. 1634 to 40. 


Ingenieure, 






author gives a summary of the application of X-rays in the seiene 
s and the results of practical value gained by it. 

iuthor starts his discussion with the reflection phenomena of ordinary 
glit oO rystal facets. 


t} 


OT 
> ‘ il 


A erystal consists of a space lattice of atoms, succeed 
ier periodically in the three directions of the space, 





] 
Lis 


In most cases 
are imperfeetly formed, and in such eases it is often possible to 
itural facets by clearing. 






Single crystals of metals are manu 





n different forms, such as rods, wires or sheets. By suitable etching, 
enomena may be revealed on these crystals, making a determination 


utation possible. Such determinations 






have proven that erystals 
eir growth important lattice directions as lifes of growth. 
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Then the author describes the Laue-method. A _ photogran 
is made by lighting up an unbroken crystal with a sheaf of X-rays 
length of undulation; the diffracted rays fall on a photographi 
vertical to the original sheaf of X-rays. When the incidence X 
an important line of the crystal, then the photogram is regu 
irregular. At known lattice it is possible to determine its 
sample from the Laue-photogram. 


ore 


- 


By cold deformation the metal crystal is divided by a 
parallel gliding planes in which its single parts get out of th 
most cases the deformation is connected with a turning of the « 
opposite to the directions of the stress and crookedness of the 
parts. The changes in the X-ray photograms are also inter) 
deformation. The examination of single crystals promises to t] 
the recrystallization and hot-deformation proceedings, being of gr 
value. In the investigation of metals, monochromatic Rontge: 
one most used. From the position and intensity of the interferen 
a film it is possible to determine not only the number of the present 
erystals, but also their composition in all detail. The author dise 
the determination of the lattice-type and its constants from a Debye-Se| 


photogram. From the nature of the crystal types it is possible to p 


sses brief 


ALLOY 
predict the ELECT! 
properties of the alloys. Another question of great importance is the trans a 
formation points of the alloys, e. g., the modifications of iron and 

ing procedure. In aluminum-alloys X-ray examination has prov: 

only the absence of greater structural changes. Cold deformed met 


the X-ray photograms. By annealing, the metals recrystallize 


er 
ACLOCI 


and 
ginning and the progress of the recrystallization may be indicated 


certainly as with the aid of the metallographic examination. For examinat 


where the test piece cannot be destroyed, such as boiler plates, 
examination is of great use. In the foundry and in the electrolysis 
the X-ray examination may obtain possibly further practical value. T 

further discusses the application of X-rays in the chemical analysis 

to the emission and to the absorption method. In qualitative anal) 

examination has worked out well as the discovery of Hafnium and 

elements prove; elements with a great atom-weight may be indicated 11 

smallest quantity, but the determination of elements with a small atom-weight 

is difficult; quantitative methods will be developed. The lighting up with X. 

rays will become a useful testing method in foundry and welding 

Materials possessing a small atom-weight, as aluminum, may be easil} ighted 

up, while those of great atom-weight may be lighted with difficulty HEAT-R 
present limits of the thickness of the sample up to which e. g. inclusions f alt ng Alloys 


Furnaces, 


of 1 millimeter may still be proved with certainty lies below 10 centim Feb 198 
for steel and 8 centimeters for brass. The author finally describes brietly an 
layout of an X-ray laboratory and comes to the conclusion that the 

must be developed and the apparatus must be simplified so that the 

industry laboratories may make use of it with profit. 


ALLOYS 


Abstracted by Dr. Hans Pollack, 
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“THE ENGINEERING INDEX 


Registered United States, Great Britain and Canada 





\rrangements have been made with The American Society of Mechanical 
} s whereby the American Society for Steel Treating will be furnished each 
: with a specially prepared section of The Engineering Index. It is to 
items descriptive of articles appearing in the current issues of the world’s 
“a ring and scientific press of particular interest to members of the American 
Society for Steel Treating. These items will be selected from the copy prepared 
for the annual volume of the Index published by the A. S. M. E. 
In the preparation of the Index by the staff of the A. S. M. E. some 1,200 
and foreign technical publications received by the Engineering Societies 
(New York) are regularly searched for articles giving the results of the 
i's most recent engineering and scientific research, thought, and experience. { 
m this wealth of material the A. S. S. T. will be supplied with a selective index \ 
se articles which deal particularly with steel treating and related subjects. 
“Pphotostatie copies (white printing on a black background) of any of the 
s listed may be secured through the A. 8S. S. T. The price of each print, 
11 by 14 inches in size, is 25 cents. Remittances should accompany orders. 
\ sepat ite print is required for each page of the larger periodicals, but whenever 
ssible two pages will be photographed together on the same print. When ordering 
nrints, identify the article by quoting from the Index item: (1) Title of article; 
To. name OF periodical in which it appeared; (3) volume, number, and date of 
blication of periodical; and (4) page numbers, 



























































bye-S ALLOY STEELS electrical engineering is based on compara- 
, predi FLECTROTECHNICAL. Special Steels tively high electrical conductivity, light 
Les aciers speciaux), M. R. Jouaust. So- weight of metal, and good mechanical prop- 
» tha teens Francaise des Electriciens—Bul., vol. 6, erties of its alloys; use of pure aluminum in 
: bo 62, Oct., 1926, pp. 1175-1182. Dis- motors, generators and transformers ; uses of 
narce sses ‘magnetic substances of high initial aluminum alloys; in author’s opinion, how 
7 rmeability and small total losses, partic- ever, little progress has been made in this 

y with reference to their use in long- field in past few years. 
etals ng e telephone lines; magnetic data are GERMAN INDUSTRY. The Aluminum 
a | given for iron-dust cores made by Western Product Industry in Germany (Die Alumi 
a = Electric Co., and mode of preparation of nium-Fertigindustrie Deutschlands), R. Gér 
ited jus thes res, which may advantageously be nandt. Zeit. fiir Metallkunde, vol. 19, no. 1, 
sed for Pupin coils; composition of permal- Jan., 1927, pp. 38-40. Aluminum and its field 
exa lloy, with its high permeability in of usefulness; present status and future pros 
a the X-+ veak fields, small hysteresis losses and high pects; of industry for aluminum household 
rae sistivity, is particularly suitable for use in ware, industrial products, apparatus, cast- 

sis of metals \rarup process, thin ribbon of this material ings; export problems. 
or being wound round cable; permax, a nickel- GERMAN PLANTS. Aluminum Works in 
— steel alloy is mentioned; account of cobalt Germany (Die Aluminiumwerke in Deutsch- 
sis and refers steels of high coercive force, such as KS land), Menzen. Zeit. fiir Metallkunde, vol. 
: f Honda, for making permanent mag 19, no. 1, Jan. 1927, pp. 4-5, 4 figs. Es- 
ysis, A-T is tablishment and present status of German 
and of other HIGH-TENACITY. Cheap High-Tenacity industry, with brief descriptions of different 





Steels. Machy. (Lond.), vol. 29, no. 745, plants. 
bps 20, 1927, p. 529. Presents table giv- ORGANIC-CHEMISTRY INDUSTRY. The 
» ews hanical properties of various steels Use of Aluminum in Organic Chemistry 
fter_hea treatment ;, Shows that high-man- (Aluminium als Werkstoff in der organischen 
ganese carbon steel is cheaper than 3 per Chemie, Buschlinger. Zeit. fiir Metallkunde, 
nt nickel steel, and is not much more vol. 19, no. 1, Jan., 1927, pp. 25-86, 6 figs. 
xpensive than plain carbon steel. Review of experimental results in chemical 
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shted industry, giving, it is claimed, for first time 

easily oe ALLOYS systematically arranged basic requirements for 

fficulty the HEAT-RESISTING. Use of Heat Resist- use of light metals; tests applied to coal- 

bial f oir ng Alloys in Construction of Ore Roasting gas, petroleum, fermentation, fatty-acid, 
clusions of al Furnaces. Fuels and Furnaces, vol. 5, no. 2, sugar, foodstuff and other industries. 

10 < meters Feb. 1927, pp. 285-286, 2 figs. Hollow PRODUCTION METHODS. The Technical 

— rabble arms made of heat-resisting alloy Production of Aluminum (Die Technische 

bes briefly W ‘unction as recuperators, giving increased Darstellung des Aluminiums), W. Fulda. 

at the method turnace efficiency. Zeit. fiir Metallkunde, vol. 19, no. 1, Jan., 

- ; 1927, p. 8. Brief review of methods here 

at the smauet \LUMINUM tofore employed and reference to newer meth 

ELECTRICAL INDUSTRY. Aluminum in ods and possibilities. 
the Electri al Industry (Aluminium in der PROGRESS. A Century of Aluminum, H. 
Cerma “iextrotechnik), W. Wunder. Zeit. ftir Me- Groeck. Eng. Progress, vol. 8, no. 2, Feb., 









~ Kunde, vol. 19, no. 1, Jan., 1927, pp. 1927, pp. 39-40, 3 figs. Review of develop 
“ol, 1 fig. Importance of aluminum in ments undergone by aluminum and partic- 



















































































































































































































































































































































































































































































































































































































































































































































































TRANSACTIONS 








f its high-grade alloys (Abstract.) 
Translated from Zeit. fiir Metallkunde. 
SOLDERING AND WELDING, Some 
Practical Notes on Soldering and Welding 
Aluminum, A Evles Engineer, vol 143, 
! s7O8, Fel &, 1927, pp. 121-123, 5 figs. 


it ; shown that aluminum can be welded 

t is not advisable to employ soldering 
ethod strictly speaking, for assembly of 
tructures; its only actual feasible applica 


ire for repairing fractured or broken 
irts, and for filling up surface holes and 
rht defects in castings; it can also be 
ipplied on stressed members or on any com 
ponents, failure of which might be serious; 
distinct methods used in welding alu 
num are puddling and flux systems; prepa 


ratior f metal for welding and execution 
f weld in aluminum 
WORLD PRODUCTION. The World Pro 
tion of Aluminum since its Discovery 


Die Welterzeugung an Aluminium seit seiner 
lentcde ing’) Kk. Scheuer Feit fiir Metall 


nde, vol. 19, no, 1, Jan., 1927, pp. 6-8, 
fig Relation between technical progress 
n methods of production and extent of pro 


nm as well as costs; experimental re 

of St. Claire-Deville; tests in England 

ind Germany; influence of discovery of elec 

trolyti process on cost and extent of pro 

ction; present status of industry in world 
ind in Germany 


ALUMINUM ALLOYS 


AIRPLANE MATERIAL Light Metal for 
\irplane Construction (Ldittmetall fiir flyg 


planskonstruktioner), TT Angstrim., Inge 
niérs Vetenskaps Akademien—-Handlingar, no. 
ol, 1926, pp. 5-30, 13 figs Deals with 
ltra-light alloys, light aluminum alloys cap 


f being rolled, including aludur, lautal, 
ron and duralumin; heat treating and 
king of duralumin, corrosion Bibliog 
phy 
ATMOSPHERIC EXPOSURE, EFFECT OF. 

Che Corrosion Products and Mechanical Prop 


ties of Certain Light Aluminum Alloys 
Affected by Atmospheric Exposure, E. 
Wilson Physical Soc.—Proc., vol. 39, no. 
16, Dec. 15, 1926, pp. 15-25, 3 figs. Ex 


periments made on electrical conductivities, 
corrosion products and tensile properties of 
high-purity aluminum and certain light alu 
num alloys, which have been exposed to 
London atmosphe re for period of 24 years ; 
ements concerned are copper, nickel, man 
ganese and zine in varying amounts up to 
few per cent; includes note on corrosion 
products of high-conductivity copper. 


DEFORMATION. Deformation of an Alu 
ninum Alloy by a Constant Load, C. B. 


Sadtler and J. L. Gregg. Am. Inst. Min. 
Met Engrs.—Trans., no. 1645-E, Mar., 
1927, 6 pp., 4 figs. Deals with variations 
f deformation produced by constant tensile 


tress acting for varied lengths of time in 
pecial case of thin aluminum alloy sheet 
f duralumin type, which has been subjected 

different thermal and mechanical treat- 


ents; it was found that at sufficiently high 
nstant tension such material deforms con 
nuously with elapse of time and that rate 


it which this deformation occurs is greatly 
fluenced by previous thermal and mechanical 
itment 
HIGH-GRADE Aluminum Alloys Capable 
Refining (Die veredelbaren Legierungen 











des \ 
vol. 19 
Conta 


velopm 


THE 






luminiums). Zeit 

» no. i, Jan., 1927. 
is following contril 
ents in Refining Pr 


with Aluminum-Alloy Cast 
ner: Duralumin, R. Bec} 


hning 


Processes, J. Czor hra 


Aeron, E. Scheuer; Lautal. | 
W Sander. 

LAUTAL The Wr: 
*“‘Lautal’’. Engineering, vol 
Feb. 4, 1927, p. 183. Thi 


recently come into prominen 


erty o 
automa 
temper 


Brinell 
advant: 
aging 


after ft 
ple ted, 
in oil 


f age hardening, |} 


tically at room temy 
ing treatment is. me 
to produce maximum ter 


hardness obtainabl 
ige claimed by orig 
1s carried out on 
rging and working 
process consisting 


bath for 16 hours 


120 to 130 deg. Cent 


cent 

is mad 

itv 
PRO 


ypper, 2 per cent sili 
e up of aluminum 


PERTIES AND USI 


I 


loys, O Hyman. Foundry 1 


no, 54 
Nature 
effect 

alloys; 


erties ; 


foundry application ; i 
In discussion, action of 
practice compared, and a 


5, Jan. 27, 1927. 


of alloy in copper; 
commercial alloys; 
corrosion; heat t 
rat 


{ 
ue 
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of aluminum; comm 


lun 


elevated temneratures are to 


TRA 
Metal 
Leichtr 
Zeit. f 
1927, 


ing’ us 


NSPORTATION EQUIPME) 


in Transportation 


netall im Verkehrswess 


iir Metallkunde, vol 


pp. 22-24, 7 figs 


e of high-grade alu 


automobile construction, « 
rolling stock, aircraft 


cycles, 


ing; a 


acceleration, better braking 


creased 
power 


dvantages include in 


average speed, vr 


requirement, and gr 


AXLES 


STREET-CAR. Tramear 


& Ry. 
pp. 81 


stock ° 
rect he 


tests; 


World, vol. 61, no 


rY 


83, 1 fig. Problems 
investigation of joint committ 
recent developments ; 


at treatment; correl 


required properties 


BEARING METALS 


BAB 
Metal 
vol. 30 
conside 
of bat 
should 


BITT. Proper Sel 
Important, C. W. 
», ho me Feb., 1927, 


rations in design, cast 


AX 
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ct 


PI 


ybitt bearings; service 
always be considered 


metals; preparations for ca 
venting; casting bearing 
CALCULATING METAL QI 
culating Metal Quantities for 
Beshgetoor. Am. Mach., vol 


24, 19 


27, p. 8381, 1 tig 
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for calculating bearing-meta! 
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of same composition and of same manufac- 
ture can be detected by examining value 
of ultimate shearing strain or roughness of 
surface of test piece which it retains after 
testing: based on tension and torsion test 
and examination of inner structure of such 
materials, author has ascertained that this 
variation of quality is in accordance with 
temperature at which bars are presumed to 
have been rolled; tensile and torsional strength 
and measures of toughness to be obtained 
by tension test may fail to furnish any evi- 
dence of such variation of quality. (In 
Japanese). 


BRASS FOUNDRIES 

FURNACE TYPES. Furnace Types in 
Brass Foundries. Brass World, vol. 23, no. 
2, Feb., 1927, pp. 49-51. Important features 
of considerable amount of data submitted 
by more than 80 brass foundries; furnace 
types and fuels; fluxes and linings receive 
careful analysis and consideration. 


BRONZES 

GERMAN RAILWAY. The New R 5 
Bronze for German Railways (Der neue Rot- 
gufs R 5 im Ejisenbahnbetrieb), Kiihnel and 
Marzahn. Organ fiir die Fortschritte des 
Eisenbahnwesens, vol. 82, no. 1, Jan. 15, 
1927, pp. 11-14, 4 figs. Results of tests 
carried out by Railway Administration on 
copper-tin-zine alloys to determine hardness, 
notch hardness, abrasion resistance, etc.; re- 
sults show that this bronze possesses greater 
wear resistance than German standard R 9 
bronze. 


CASE-HARDENING 

NITRATION. Nitration Hardening. Machy. 
(Lond.), vol. 29, no. 741, Dec, 23, 1926, 
pp. 393-395, 5 figs. New gas process for 
case-hardening steel parts developed by 
Krupps. 


CAST IRON 

CUPOLA PRACTICE, INFLUENCE OF. 
The Physjcal Structure of Cast Iron and its 
Relation to Cupola Practice, E. Howell. 
Australasian Inst. Min. & Met.—Proc., no. 
63, Sept., 1926, pp. 11-16, 7 figs. Points 
out that if cupola is not perfect melting 
medium, metal leaving spout has not suffi- 
cient superheating to give best results; cast- 
ing temperature and rate of pouring, taken 
all in all, have bigger influences on pro- 
duction of close-grained castings than analy- 
ses; cupola dimensions. 

DIFFUSION IN. The Diffusion of Sul- 
phur into Cast Iron, F. Roll. Foundry 
Trade Jl., vol. 35, no. 545, Jan. 27, 1927, 
pp. 83-84, 7 figs. Author describes experi- 
ments carried out to determine depth of 
penetration of sulphur into cast iron and 
its influence upon structure; he also studied 
action of solid sulphur H,S and SO,. Trans- 
lated from Giesserei, vol. 14, no. 1, Jan. 
1, 1927, pp. 1-7, 15 figs. 

ENAMELING. A Note on the Enameling 
of Cast Iron. Metal Industry (Lond.), vol. 
30, no. 8, Feb. 25, 1927, pp. 219-220. 
Defects in enameling; free graphite and 
blister formation. 

GRAPHITIZATION. Influence of Carbon 
and Silicon on the Graphitization of White 
Castings (Influence du carbone et du silicium 


TRANSACTIONS OF THE A. 8. 8. T. 


sur la graphitisation des 
P. Chevenard and A. p 
des Sciences—Comptes Re 
25, Dec. 20, 1926, pp. 1 
Presents 3-dimensional dia 
fluence of carbon and si); 
ture of spontaneous grap! 
casting containing less tha; 
manganese, sulphur or ph 
tions of carbon and silicon 
include most industrial casi 
eutectics in iron-carbon syst 
effect of silicon are app! 
bolic and indicate that }. 
per cent Si, graphitization 
almost constant at about 6 

LOW-CARBON. High St; 
of Low Total Carbon  ( 
Trade Jl., vol. 35, no. 54 
pp. 79-80. Synthetic and 
irons; semi-steel cast iron 
iron, 

MICROSCOPIC EXAMINATION 
Under Microscope. Foundry 1 
35, no. 547, Feb. 10, 19 
and 134. Discussion of 
Groves; Over-annealing an 
ico-ferrite and carbon pri 
chill. 

NICKEL. 
Cast Iron as 


a 


Nickel and 

Now Used in Ame 

Turner. Foundry Trade Jl., 

544 and 6545, Jan. 20 and 

59-61 and 71-78, 5 figs, Influ 

and of Ni-Cr additions to 

chinable hardness; extent to y 

alloy cast irons are now being 

mobile castings; Diesel-engin: 

27: Marine cylinders; locon 

liners and other cast iron parts: 

making nickel and nickel-chromium addit 

to cast iron; application to centrifugal 

ing; method of adding nickel and 
OXYGENATED. Oxygenated Cast Iro 

Hill. West. Machy. World, \ 

Feb., 1927, pp. 73-74. Results 

experimental plant in California 

Triumph Steel Co. at Cristo, to d 

feasibility of smelting briquetted magnetit 

concentrates, and also to determine feas 

ity of using briquetted concentrates i 

mercial foundry practice as means of 

genating gray iron and to displace stee| 

to attain semi-steel physical properties 


SILICON DETERMINATION 
tion of Silicon in Pig Iron and ( 
(Beitrag zur Siliciumbestimn 
eisen und Guss), H. Pinsl 
ung, vol. 50, no, 112, De 
924-925. Results obtained fo: 
iron and cast iron by method of 
are usually a little low unless filt: 
first precipitate is again 
longer the heating with strong sulphur 
acid the more easily does precipitate fl 
more accurate results with only one filtratior 
are obtained if 20 cc. of 1:1 hydr 
acid are added after first evaporatior 
evaporation is repeated, followed by heat 
for 45 min. at 130 to 140 deg.; sulp! 
acid method is quicker and re a 
than usual nitric-hydrochloric-aci 

TESTING. Impact Testing of Hig! 
Cast Iron. Foundry Trade J1., 

546, Feb. 3, 1927, pp. 98-100. Review 
paper by J. G. Pearce, and discus 
gether with author’s reply. 
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CASTINGS 


OTs IN. Wasters in the Production 
im-Alloy Castings in Permanent 
J. Anderson. Foundry Trade J1., 
no. 547 and 548, Feb. 10 and 17, 
122-124 and 151-154, 5 figs. 
four main factors, which have im- 
bearing on occurrence of defects in 
(1) low density of alloys; (2) their 
id and low solidification contrac 
high coefficient of thermal expan 
n solid state); and (4) lack of 
it elevated temperatures (hot short 
jliseusses most important variable fac 
h govern losses in production of 
permanent-mold process. 
WATER-COOLED CHILLS. Water-Cooled 
Eng. Progress, vol. 8, no. 2, Feb., 
p. 33. Points out disadvantages con 
with use of thick-walled cast iron 
vhen casting nonferrous metals, and 
nent of thin-walled chills cooled by 


ng liquid, which also regulates cooling 
metal; describes two types developed 
Germany which operate at different pre 


nined temperatures of cooling liquid 

is will influence favorably quality of 

isting; water-cooled chills have proved spe- 
itisfactory in brass foundries. 


CHROMIUM STEEL 


PROPERTIES. Facts and Principles Con- 

ning Steel and Heat Treatment, H. B. 

Kr ton Am. Soe. Steel Treating—tTrans., 

11, no. 8, Mar., 1927, pp. 450-463, 4 

figs Influence of chromium upon _ proper- 

s of steel; Guillet’s diagram showing struc- 

| composition of steels of varying chro 

contents; composition, properties, uses 

and methods of heat treating of number of 

s of chromium steel; stainless steel and 
ples of corrosion. 


COPPER 


VISCOSITY. Viscosity of copper and its 
Alloys (Essais de viscosite sur le cuivre et 
alliages), J. Cournot and R. Pages. 
\cademie des Sciences—Comptes Rendus, vol. 
183, no. 20, Nov. 15, 1926, pp. 885-886. 
Viseosities have been determined by modifi- 
tion of method previously described at 
peratures up to 700 deg.; it has been 
rifled that there exists limiting viscosity 
nd that for slightly greater loads velocity 
flow assumes constant value, time re 
ired to attain this state being longer the 
ver the temperature; curve limiting vis- 
sity-temperature for brasses is similar to 
hose for steel; that for copper, however, 
ximately rectilinear. 


COPPER ALLOYS 


HARDENABLE. Notes on the Atomic Be 
vior of Hardenable Copper Alloys, E. C. 
Am. Inst. Min. & Met. Engrs.— 
lrans., no. 1657-E, Feb. 1927, 8 pp., 3 figs. 
Result f investigation to discover funda- 
ment itomie conditions existing in Cor- 
8 high-copper alloys hardenable by means 
f silicide solution and reprecipitation; re- 
ts show that very perfect crystallinity 
Xists in solid solutions prepared at high 
perature to contain as much dissolved 
as possible. 


Nit KEL SILVER. Casting of Nickel Sil- 
tr, H. Mappin. Metal Industry (Lond.), 
no. 6, Feb. 11, 1927, p. 164. 
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Casting consists in heating constituent met 
als together, and resultant alloy is poured 
into mold and finally removed as solid ingot ; 
nickel silver, which is alloy of copper, nickel 
ind zine, is hard bright metal and owing 
to its high malleability and ductility, it is 
produced in enormous quantities for man 
ufacture of electroplated articles. 


CORROSION 


THEORIES. Corrosion in the Gas Indus 
try, I. Ginsberg Am. Gas Jl., vol. 126, no 
8, Feb. 19, 1927, pp. 186-188 and 194 
General character of rusting; corrosion a 
form of combustion; electrochemical theory ; 
escape of hydrogen disturbs equilibrium; acid 
theory; direct chemical action; iron man 
ufacture and corrosion 


CRUCIBLES 

OVEN FOR. Describes Ovens for Cru 
cibles, C. F. Hopkins. Foundry, vol. 55, no. 
4, Feb. 15, 1927, p. 147, 1 fig. Instances 
are presented to show how, with proper an 
nealing oven, life of crucibles has been in 
creased from 25 to 50 per cent. 


CRYSTALS 


GROWTH OF. Growth of Metallic Crys 
tals, C. H. Desch. Min. & Met., vol. 8, no 
243, Mar., 1927, pp. 128-129. First stage 
of crystallization is appearance of nuclei; 
second stage is growth of crystals; factors 
governing rate and character of growth. 

LARGE. Growing Large Crystals of Metal, 
W. Darling. Brass World, vol. 238, no. 2, 
Feb., 1927, pp. 41-42. Difficulties in pro 
ducing intentionally large crystals of metal 
lic elements and alloys; some huge accidental! 
crystals of iron; their physical properties. 

STRENGTH AND STRAIN HARDNESS 
The Molecular Theory of Strength and Strain 
Hardness (Zur Molekulartheorie der Festig 
keit und der Verfestigung), A. Smekal. Zeit 
fiir technische Physik, vol. 7, no. 11, 1926, 
pp. 535-544. Investigation to obtain in 
formation on heretofore fully unknown mole 
cular state of deformed crystals; it is shown 
that actual crystals can possess no ideal crys 
tal grid; results are first to provide bases 
for detailed’ explanation of slip formation in 
deformed crystals, which was not possible 
with all former strain-hardness theories; but 
all strain-hardness theories are shown to be 
true, although in widely different degrees 


CUPOLAS 


FLUORSPAR ADDITIONS. Rational Use 
of Fluorspar in Cupolas (Utilisation Ration 
elle du Spath Fluor Dans les Cubilots de 
Fonderie). Fonderie Moderne, vol. 21, Jan., 
1927, pp. 138-15. Diseusses effects of fluor 
spar additions. 

FLUORSPAR ADDITIONS. The action of 
Fluorspar as Cupola Addition in Iron Foun 
dries (Die Wirkungsweise des Flussspats als 
Kuppeléfen-Zuschlag in der Eisengiesserei), E. 
Wilke-Dirfurt and T. Klingenstein. Stahl 
u. Eisen, vol. 47, no, 4, Jan. 27, 1927, pp. 
128-133, 7 figs. Application of laboratory 
desulphurization tests to cupola practice; 
desulphurization action of limestone and fluor 
spar; influence of silicic acid of limestone 
and of cupola lining; change in iron and 
slag composition; fluorine content of slag. 


































































































































































































































































































































































































































































































































































































































































G48 TRANSACTIONS OF THE 


LOSSES IN Behavior of Cupolas (Sur la 
conduite des cubilots). Fonderie Moderne, 
vol. 21, Jan., 1927, pp. 10-12, 1 fig Dis 
cusses certain causes of loss and failures of 
cupolas, citing typical cases in author's own 
experience 

PULVERIZED-COAL AUXILIARY FIR 
ING Cupolas with Pulverized-Coal Auxili 
ary Firing (Kuppelofen mit Kohlenstaub-Zu 
sutzfeuerung), | Lohse V. dD. L. Zeit. vol 
71, no, 7, Feb. 12, 1927, pp. 233-235, 10 figs. 
Good results have been obtained with use 
of pulverized coal as additional source of 
heat in foundry shaft furnace; details of 
equipment employed 


DURALUMIN 

HEAT TREATMENT, The Heat Treatment 
of Duralumin, W. Nelson Aviation, vol, 22, 
no, 8, Feb. 21, 1927, pp. 362-365, 2 figs 
When certain light aluminum alloys are heat 
treated, quenched and aged, there is consid 
erable improvement in their tensile proper 
ties; there is leaning towards use of electric 
furnaces for heat treating this alloy to reduce 
possible dangers of corrosion from nitrate 
sults used in baths; this measure appears 
desirable but uniformity of heating and ac 
curate control of temperature, both obtain 
able with salt baths, are very important 
factors, 


EDUCATION, ENGINEERING 

FOUNDING Foundry Technical Institute 
of France (L’Ecole Superieure de Fonderie), 
M. EF, Ronceray Fonderie Moderne, vol. 21, 
Jan., 1927, pp. 1-9 Notes on history, aims, 
courses and methods of Institute. 


KLECTRIC FURNACES 

ANNEALING Annealing of Metals and Al 
loys in the Electric Furnace, R. M. Cherry 
Metal Industry (N. Y.), vol. 25, no, 2, Feb., 
1927, pp. 55-59, 11 figs Discussion of types 
of modern electric furnaces for bright and 
open annealing and their operation. 


DEVELOPMENT The Development = of 
Electric Furnaces, C Hi, Stevenson. Fuels 
and Furnaces, vol. 5, no, 2, Feb., 1927, pp. 
229-230, 3 flies Design of car-type and tool 
room furnaces ; firing of chinaware, heat 
treating of dies; cylindrical furnaces; recent 
trend. 


DIAGRAM FOR \ Diagram for Electric 
Furnaces (Diagramme de fonctionnement des 
fours électriques), J Bethenod Revue 
Générale de l'Eleetricité, vol 20, no, 20, 
Nov. 13, 1926, pp. 697-698, 1 fig Refers 
to work by E. de Loisy, published in Revue 
de Métallurgie, May, 1926, developing criti 
cal analysis of previous work by P. Bergeon 
and E. Rieke; describes construction of di 
agram based upon work of these earlier in 
vestigators; by aid of this diagram, function 
ing of a. ec. furnaces can be more closely 
studied, and results of theoretical investiga 
tions can be applied to industrial operation ; 
diagram is of circular type which has been 
previously used for calculations relating to 
induction motors; with it, if any one of 6 
factors which enter into calculations is known, 
other 5 can be calculated or deducted from 
figure See brief translated abstract in Sci 
ence Abstracts (Sec. B), vol. 30, part 2, 
Feb. 25, 1927, pp. 74-75; and reference to 
article by De Loisy in Eng. Index, 1926, 
p. 257 


HARDENING Salt-Bath H 
nace of German General Elect 
Salzbadhiirteofen der AKG), 
Centralblatt der Hiitten uo W 
30, no, 52, Dec. 29, 1926, 
tiles Details of latest type 
conditions this furnace can a 
melting, for instance of whit 


which case charge is placed jy 
cible 


HEAT TREATING Elect 
Furnace Used in Heat Treati: 
Faden Fuels & Furnaces, 
Mar., 1927, p. 366, ! fig Ku 
localized heating of large va) 
built by Lord Electric Co., B 


HEAT TREATING Heat 
Castings in Electric Furnac 
Fuels & Furnaces, vol. 5, n 
pp. 225-226, 3 figs. Casting 
parts at Whitin Machine Wo, 
ville., Mass., are carburized 
in six box-type electric furnac: 
recently installed. 


HIGH-FREQUENCY. Contrib 
Theory of High-Frequency Elect 
(Etude theorique du rendement d 
trique A haute fréquence alimenti 
teur) M. G. Ribaud Jl. de P 
Radium, vol, 7, no. 8, Aug., 19 
256, 1 fig Supplementary ¢ irt 
high-frequency furnaces, published 
journal in 1923; mathematical 
made by Northrup relating to 
nating currents for high-frequen 
are criticized by author as being 
unreliable hypotheses and result 
him are considered untrustworth 
examination of theoretical data 
conclusion that for each furna 
stance there exists frequency at wh 
attains maximum and constant fig 
maximum is practically independent 
of furnace, but it decreases a 
sistance of substance diminishes | 
brief translated abstract in Scienc 
(Section B), vol, 30, part 1, Jan 
p 21 

HIGH-FREQUENCY The It 
tion Furnace (Der eisenlose Indukti 
W. Fischer. Zeit, fiir technische PI 
7, no, 11, 1926, pp. 513-518, 7 fig 
with theory, as well as design 
and operation of  high-frequen 
melting furnace for metallurig 


LABORATORY. Electric Furna 
oratories (Fours électriques pou! 
toires), O. Searpa. Chimie & Indust 
16, no. 3, Sept., 1926, pp. 219-22! 
Describes furnace in operation f 
at Electrochemical and Electromet 
Laboratory of Royal Polytechnical Sel 
Turin, Italy, which have been of great 
ice in different researches and 
dustrial applications; they ar 
Rennerfelt furnace but have th 
that they can employ both direct 
phase current, 

MELTING. Electric Furnace 
Metal. Forging —Stamping— Heat 
vol. 12, no. 2, Feb., 1927, pp. 41-4 
tations and applications of elect: 
alloy and tool steels; steel cast 
iron; economics of electric melting 
able iron; permanent-mold casting 
rous metallurgy; electric heatin 
electrode control; high-frequen 
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Electrical 


$I, 


wa produced 


n nitrogen 


Equipment of = Are 
(Ueber die elektrischen An 


Lichtbowen-Elektrostahl-Ofen), K 


ralblatt der Hiitten u. Walz 


nos. i, § oen.. 38,. 1087 
us Details of  high-tension 
iring apparatus, switchboard, 
rmer, Wiring between trans 
rnace influence of inductive 


conductor wiring on economik 


Electric Furnace for Tem 
Ry. Elec. Engr., vol. 18, no 
p. 64, 1 fig. New box ot 
tric furnace, particularly ap 


npering of lathe and planet 
punches in tool rooms, man 
Vestinghouse Electric & Man 


East Pittsburgh, Pa 


WELDING 


STUDIES Studies on Electric Welding 
1, Weber Am. Soc, for Steel Treating 
11, no. 8, Mat 1927, pp. 425 

440 and (discussion) 441-449, 6 figs Study 


ious gases on metal deposited 


« welding as well as effect of ar 

crane experiments show that abnormal 
ng steels were produced when steel 
ited in atmosphere of COs,CO, 

gen and air, while normal carburizing 


when weld was made in 
helium; analyses of grases 
» Was decomposed into CO 
oxygen oxidation = of 
with iron to 
retained in 
which is con 


caused 
combines 
art of which is 
and part of 
of container 


WELDING, ARC 


PLATE GIRDERS, Test of an Are Welded 
Girder by the American Bridge Co 
| the 1 S. Bureau of Standards, H I 
Whittemore Am. Welding So Jl., vol. 6, 
1, Jan 1927, pp. 42-48, 7 figs Girder 
tested in Olsen compression machine ; 
tested as simple beam, girder failed 
kling of web plate; none of welds 
until maximum load was reached; 
wing size of welds would not have in 
eased maximum load: test showed = that 
ge girders of this kind should be care 
lesigned to use material in most effi 
Manner 


Welding, J. F. Lineoln Am 


son I1., vol. 6, no 1, Jan 1927. 

8-14, 5 figs Deals with automatic are 

ling of pipe and hand welding of field 
ts f onstruction of pipe line 

QUAST-ARG Additional Information Sup 

ed the Quasi-Are Company Relative 

” Australian Tests Am. Welding Soc 

l. 6, no. 1, Jan, 1927, pp. 40-41 

Hameters of steel cores of quasi-are 


STEEL Electric Are 
| Structures——Design and Or 
Grove Am. Welding Soc 
» 1, Jan., 1927, pp. 24-40, 
we of procedure adopted in 


f Australia by superintend 


! Metropolitan Gas Co.: in this weld 
! ition no rivets are used, or bolts 
those 


required for tacking pu 


of metal deposited on welded 


ENGINEERING 


INDEX 


joint 1 pre 
45 cdeg., 
weld pet 


eribed = by universal 
re pre of clectrode 


electro ind 


meter of 
inche of 
number of run 


used, 


FOUNDING 


INSTITUTE BRITISH FOUNDRYMEN 


The Early History of the Institute of British 
Foundrymen, EF I. Cook Foundry Trade 
Jl., vol >, one 48, Keb 17, 1927, pp 
147-149 and (discussion), 149-150 Account 
of first meeting imcdds first) result initial 
objects: growth of branche international 


connections 


TECTINICAL 


rERMS A laxicon of Tech 

nical Term Foundry, vol >, ne », Mar 
1, 1927 Foundry data heet 
FURNACES 

PATENT SPECLELOANTIONS Furnace 
and Kilns for Applying and Utilizing Heat 
of Combustion Abridgements of Specifies 
tions, class S1, (ii), period 1916-20) (100, 
OHO1L-1L5S5 800), 1ov6, B06 pp Patent for 
mvention 
FURNACES, ANNEALING 

OL,BURNING Annealing Malleable Tron 
Casting nm oan Onl Burning Furnace, ¢ ( 
Mark Machy (N Y.), vol 3%, no - 
Mar., 1927, pp. 518-520, 1 fig Locating 
annealing pots in furnace packing casting 
detemining temperature of castings; installa 
tion of pyvrometers ; requirements of furnace 
economical operation See also Machy 
(Land.), vol o, one (45, Jan 1 1027, 
pp rH OVG, 3 figs 
FURNACES, HEATING 

REGULATION O| ATMOSPHERI Fur 


nace Atmosphere is Regulated Automatically 


by Meters, R Rimbach and J A. Stein 
lron Trade Rev., vol SO, no 7, Feb 17, 
1927, p. 456 Regulation of furnace com 
bustion condition to give desired furnace 
atmosphere is accomplished by use of suit 
able flue-gas analyzing equipment so as to 
Obtain better uniformity of product with 
lower fuel consumption; types of furnace 


include sheet and = bat 
annealing furnaces, 
naces for billets, 
furnaces and 


furnace continuou 


heating and reheating fur 
open and box annealing 
eertain forging furnaces; in 
stallation often consists of electric CO 
which is 
COs 


meter, 


sometimes electric 


augmented by 
meter 


FURNACES, 
DESIGN 


INDUSTRIAL 


Practical Industrial Furnace De 


sign, M a Mawhinney Forging —Stamp 
ing —Heat Treating, vol 12, no. 2, Feb., 
1927, pp. 44-47, 5 fig Various methods 
of firing furnaces; fuel consumptions and 
dimensions of interior construction; prin 


ciples of operation 


GEARS 
HARDENING 
Oxyacetylene Torch 
no. &, Feb., 1927, pp 
scribes new method 
as Shorter process, whereby maximum 
ness can be imparted = to 
gear-wheel teeth with minimum = of 
tion; it is claimed that with this proces 
hardened without distortion 


Hardening Gears with the 
Acetviene JL, vol. 28, 
386-388, 1. fig De 
used in England, known 
hard 
wearing faces of 


distor 


gears can be 
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HARDNESS IRON ALLOYS 


TESTING. Hardness Tester with Impact IRON-CHROMIUM NICKEL 
Tester (Die Hirtepriifung mit dem Fall- tion to the Iron-Chromium-Nix 
hiirtepriifer), V. Schwarz. Motorwagen, vol. C. Bain and W. E. Griffiths. 
30, no. 3, Jan. 31, 1927, pp. 51-56, 12 Min. & Met. Engrs.—tTrans 
figs. Describes tester developed by author Mar., 1927, 46 pp., 387 figs 
by means of which, it is claimed, method of inquiry into structural natur: 
testing is greatly simplified, and determina- iron alloys containing both ni 
tions can be made quickly, easily and almost mium over considerable range 
without cost. tion; above 1000 degrees Cent 

chromium-nickel system is proba 
IMPACT TESTING of only two kinds of solid 
: , is austenite containing some c! 

NOTCHED-BAR TESTS. The Law of Sim- other is ferrite containing some 
ilarity in Notched Bar Impact Testing. Met- rite phase increases in com} 
allurgist (Supp. to Engineer), Feb. 25, 1927, with rise in temperature above 
pp. 27-29, 2 figs. Moser and others have Cent.; many of alloys contai! 
shown that energy absorbed per unit vol- to 10 per cent each of nickel 
ume of specimen which suffers permanent are martensitic when quenched 
distortion under test is approximately inde- variety of temperatures and at 
pendent of size of specimen, and that energy of rates. 
per unit area at fracture is practically con- 
stant if specimens are ee - IRON AND STEEL 
notches of equal width; in Sta u. Eisen, amermnreees : ; 

Dec. 9, 1926, R. Mailinder discusses valid- ee ee 1 
ity of Moser’s conclusions; it is seen from aes ea a ae . a Bue 
results that in case of shear failure, there 304, 6 ‘A - Fe. S Sae., 19: 
0 ; ; ; ; BS 304, gs. With special referer 
is, at given notch width, an increase of contenant: Seteneinat’ “pate 
impact strength with size of test piece, ffect a ain co crit 
whereas for tension failure reverse holds; eae COmsens; iniuet 
ee : eee aoe ae of heating and cooling; importar 
Moser’s statement holds more nearly as ten hetsteneniaieane emiemmamin 
acity of material tested and size of specimens SPrScare MessureNen. 
both become smaller. See reference to or- we . ae WAGNE 
iginal article in A. S. S. T.—Trans., Feb., IRON CASTINGS NE 
1927, p. 312, and Mar., 1927, p. 481. OIL-SAND APPLICATION. Oi] § \NALY 
Motor Castings, W. West and W ALON 
IRON Foundry Trade Jl., vol. 35, no. 547, | oe 
997 9 iors +} 

FLUORSPAR IN. Desulphurizing Effect a ak i tna ad "evi oa 

of Fluor Compounds on Molten Iron, Iron pio) . ee OS Cy 


an 
i 


& Coal Trades Rev., vol. 114, no. 38077, other castings in use at Leyland W 


Feb. 18, 1927, pp. 280-281. _ Review of IRON ORE 
experiments conducted by E. Wilke-Dérfurt oe i L ‘ 

and H. Buchholz in chemical laboratory of DIRECT REDUCTION. Direct Red 

Stuttgart Technical High School, and pub- of Iron Ore. Iron Age, vol. 119, 1 MALLE 
lished in Stahl u. Eisen; results obtained Feb. 17, 1927, pp. 498-499, 2 figs. Dut 

seem to prove fact that readily decomposing method, invented by D. Croese, avoids blast PRODU 
fluor compounds are capable of exercising furnace; electricity used in reducing le Ca 
enhanced desulphurizing action on iron and sands; crushed ores to be handled 119, 


slag. DIRECT REDUCTION. Eliminating B 
OXIDATION: Chemag Oxidation Process Furnace in Norway. Iron Age, vol. 119 ling 

for Iron and Steel. Engineering, vol. 123, no. 8, Feb. 24, 1927, pp. 563-565, 7 fig 

no. 3187, Feb. 11, 1927, p. 163. Process Process of gas reduction of iron MANGA 

invented by A. Mai, of Germany, for oxida- solved by A. S. Norsk Staal, inv s ROPE] 

tion and coloration of iron and steel, con- tem of complete mechanical automat ‘OPI 

sists essentially in immersing articles for eration; no direct handling is req I 

periods varying from 5 to 30 minutes, in terial being automatically brought 

alkaline bath heated to temperature ranging age and treated, and briquetted iron 

from 120 to 200 degrees Cent. when uniform delivered, without any manual 

tightly adherent film of oxide is deposited whatsoever. 

on surface; invention depends on discovery MANGANIFEROUS. Utilization 

that presence of caustic alkaline earth exerts ganiferous Iron Ores, T. L. Jose} 

favorable influence on oxidation process, Royster and S. P. Kinney. U 


ines " aper, no. 3938, 1926, 2 = 
RUSTLESS. Making Rustless Iron, D. St. 07 MTs een eee ee ese of. ta METAL 
Pierre du Bose. Iron Trade Rev., vol. 80, aniferous iron ores with respect ef Dann 
no. 7, Feb. 17, 1927, pp. 457-459, 2 figs, SO i eee operation: effect of hig! PATENT 
Recently developed alloy of iron and chro- manganese pig on on quality f steel, ae 
mium gives wide range of physical prop- decrease in ferromanganese by use of hig! ae 
erties when tempered or annealed. manganese pig iron, and desul phurizati § an 
STAINLESS. Stainless Iron, C. B. Cal- steel through presence of manganes 
lomon. Oil. Bul., vol. 138, no. 2, Feb., tion of manganiferous iron ores in I 
1927, pp. 169-173 In annealed condition of ferromanganese; use of 6 to | 
stainless iron has tensile strength of 75,000 manganese alloys as additions to 
Ib. per sq. in. with elastic limit of 45,000 taining more than 0.3 per cer 
Ib. per sq. in., elongation of 35 to 40 
per cent, and reduction in area of from IRON, PIG 


5 


75 to 80 per cent: what it will do in CARBON IN. Carbon in Pig Iron. Min 


combating corrosion. & Met., vol. 8, no. 248, Mar., 1927, PP 


J 


METALI 





Mir 











ew of round-table conference. 
ch in foundry pig iron; car- 
tics of copper-bearing pig; 
irbon pig iron can contain; 
11 and coke in production of 












y. Need for Research in Foundry 
Moldenke. Am. Inst. Min. & 
I'rans., no. 1648-C, for mtg. 
pp. Conditions under which 
melted; trend today is toward 
f total carbon content in pig 
ems that time has come for 

of furnace development of 
organized into associated ef 

this industry may benefit in 
is has that of foundry. 
















LEAD ALLOYS 


eAD-ANTIMONY. The Solidus Line in 
Antimony System, E. E. Schumacher 
C. Nix Am. Inst. Min. & Met. Engrs. 
1636-E, Feb., 1927, 11 pp. 
Investigation of solidus line above 

n field for lead-antimony system 
ng-test procedure has enabled 
determine 3 points between melt- 

f pure lead and end of eutectic 

ind therefore to fix precise loca- 


} 
ne 
















VAGNESIUM ALLOYS 


\NALYSIS Methods of Analyzing Indus 
\lloys of Magnesium (Methodes d’analyse 

g industriels de magnesium), E. 

L. Ecoffet. Chimie & Industrie, 

no. 3, Sept., 1926, pp. 459-470, 2 
















nation of silicon, iron, alumi 
pper, zine, manganese, lead, cad 
’ 


el, calcium, carbon, nitrogen, etc., 
gnesium and magnesium alloys. 









VALLEABLE CASTINGS 


PRODUCTION 1926. 






Production of Mal 
istings 1,000,000 Tons. Iron Age, 
19, n 9, Mar. 3, 1927, p. 684. 
1926 about on par with two 










MANGANESE STEEL 






ROPERTIES. Curious and Hitherto Un 
ned Facts Concerning Manganese Steel 
s faits curieux et non encore ex 
bservés dans ]’acier au manganese), 
l Chimie & Industrie, vol. 16, 
Sept., 1926, pp. 186-189, 4 figs. 
f manganese steel; effects of 
ment on hardness and magnetic 
photomicrographic examination. 
















METAL WORKING 


\TENT SPECIFICATIONS. Metal Ar- 

; and Forms, Combination Apparatus 

ses. Specially Designed for Pro- 

ng and Treating. Abridgements of Speci 

I 83 Gi), period 1916-20, 1927, 
Patents for inventions. 





Pr 










METALLOGRAPHY 


MIC KOSCOPIC EXAMINATION OF MET 
‘. The Technique of Examining Metals 
T the Microscope. Gen. Elec. Rev., vol. 

yi: 8, Mar., 1927, pp. 160-166, 16 figs. 

scopic and photographie optics, 








ENGINEERING 





INDEX 





METALS 


CORROSION. Controllable Variables in th 
Quantitative Study of the Submerged Cor- 
rosion of Metals, O. B. J. Fraser, D. E. 
Ackerman and J. W. Sands. Indus. & Eng. 
Chem., vol. 19, no. 38, Mar., 1927, pp. 


332-3388, 9 figs. Great influence of con 
trollable variables on results of laboratory 
corrosion tests of total-immersion type is 
discussed and illustrated by numerous data 


obtained in study of action of 
acid solutions on monel metal. 


CRYSTALLITE ORIENTATION. Crystal 
lite Orientation in Metallic Workpieces in its 
Relation to the Elastic Properties (Die 
Kristallitenorientierung in metallischen Werk 
stiicken in ihrer Beziehung zu den elastischen 
Eigenschaften), G. Tammann. Zeit. fiir 
technische Physik, vol. 7, no. 11, 1926, pp. 
531-534. Points out that compressive 
strength and other elastic properties are not 
alone dependent on nature of material, but 
also on orientation of crystallites of which 
material is composed; discusses X-ray ex- 
amination methods, methods of maximum re- 
flection, and etching. 


DEFORMATION. Hot and Cold Deforma 
tion of Metals (Ueber Warm- und Kaltver 
formung der Metalle), F. Sauerwald and H. 
Giersberg. Centralblatt der Hiitten u. Walz 
werke, vol. 30, nos. 47 and 49, Nov. 24 
and Dec. 8. 1926, pp. 501-504 and 525 
529, 13. figs. Investigation of spontaneous 
crystallization in connection with deformation 
at higher temperatures, relation of tempera- 
ture to age hardening, with special consid- 
eration of time factor; results aid in estab- 
lishing with greater accuracy relation, be 
tween hot and cold deformation; crystalliza 
tion and its relation to deformation tem 
perature and time. 


DRILLING TOOLS. Hard Metallic Mate 
rials for Drilling Tools. Petroleum Times, 
vol. 17, no. 422, Feb. 12, 1927, p. 310. 
According to information supplied by A. 
Merz and W. Schulz, published in Gliickauf, 
there have been discovered eight different 
metallic materials which possess properties 
of special value for use as cutting parts of 
drilling tools; besides these, there are alloys 
known as Volumit, Thoran, Stellite, Hart 
metall, Celsit, Akrit; these different mate 
rials give range suitable for any type of 
drilling from rocks of moderate hardness 
up to hardest rocks known. 


ELASTIC PROPERTIES. Study of Elastic 
Properties and Viscosity of Metals and Al 
loys (Contribution a l’etude des proprietes 
elastiques et de la viscosite des metaux et 
alliages), P. Chevenard and A. Portevin. 
Chimie & Industrie, vol. 16, no. 8, Sept., 
1926, pp. 434-448, 35 figs. Methods and 
apparatus for study of elasticity; modulus 
of elasticity and interna] friction as function 
of initial state and of testing temperature; 
influence of quenching; study of viscosity 
of alloys. 


ENDURANCE. The Endurance of Mate 
rials, its Practical Importance and its De 
termination by Means of New Types of 
Testing Machines (Die Dauerfestigkeit, ihre 
Bedeutung fiir die Praxis und ihre kurz 
fristige Ermittlung mittels neuartiger Prtif 
maschinen), E. Lehr. Glasers Annalen, vol 
50, nos. 8, 9, 12, Oct. 15, Nov. 1, Dec. 15, 
1926, pp. 109-114, 117-122, 177-180, and 
vol. 50, no, 8, Feb. 1, 1927, pp. 338-39, 


sulphuric 










TRANSACTIONS OF THE A. 8. 8, 


°6 figs Examples are given of light en- 
gines, bridges, springs, ships, etc., to illus 
trate importance of endurance properties of 
materials; characteristics of fatigue phenom- 
ena; new methods and machines for observa- 
tion of physical changes occurring at limit 
of fatigue, which permits determination of 
endurance properties of materials by means 
of rapid tests; machines have been devel 
oped thus far for tensile stress, bending 
and torsion; gives numerous results of tests. 

FATIGUE. The Fatigue of Metals. Machy. 
(Lond.), vol. 29, no. 747, Feb. 3, 1927, 
pp. 596-597, 3 figs. Failures due to fa- 
ticue; effect of surface cracks. 

FUTURE DEMAND FOR. 
for Metals, H. F. 


Future Demand 
Bain. Am. Inst. Min. & 
Met. Engrs.—Trans., no. 1601-I, Oct., 1926, 
12 pp. Increasing dependence on minerals 
and larger individual consumption of them 
is most striking in United States; deals 
with question of reserves which, it is claimed, 
rests upon technology and economics; it is 
a matter of developing methods of finding 
and working such ores at a cost the world 
can pay; two trends are discernible’ in 
modern production, which are accumulation 
of stocks in use of metals reclaimable after 
use, and ability to make substitutions. 

HARDNESS. Theory of Hardness of Met- 
als (Sur la théorie de la dureté des métaux), 
K. Honda. Chimie & Industrie, vol. 16, no. 
3, Sept., 1926, pp. 420-426, 5 figs. Dis 
cusses five different theories of hardness of 
metal, namely, (1) theory of beta iron, (2 
amorphous state, (3) hot solution, (4) inter- 
strain, and (5) slip interference. 

PLASTICITY AND RECRYSTALLIZA- 
TION. Plasticity, Strain Hardness and Re- 
crystallization (Ueber Plastizitiit, Verfestig- 
ung und Rekristallisation), R. Becker, Zeit. 
fiir technische Physik, vol. 7, no. 11, 1926, 
pp. 547-555, 2 figs. Structure of deformed 
material is conceived as intermediate stadium 
between single crystal and fully amorphous 
subcooled liquid; this interpretation offers 
explanation of recrystallization diagram, of 
change of density with deformation, and of 
occurrence of place changing and consequent 
‘amorphous plasticity’’. 

TENSILE TESTS. Tensile Tests of Flat 
Tensile Bars (Der Zugversuch am_ Flach- 
stab), W. Kuntze and G. Sachs. Stahl u. 
Eisen, vol. 47, no. 6, Feb. 10, 1927, pp. 
219-226, 14 figs. Influence of expansion and 
shrinkage; relation of cross-section on stress 
and deformation; expansion and_ shrinkage 


in copper or similar metals, and in iron. 


THERMAL EXPANSION. Influence of 
Working on Thermal Expansion Coefficient of 
Metals (Einfluss der Bearbeitung auf den 
thermischen Ausdehnungskoeffizienten der Me- 
talle), W. Jubitz. Zeit. fiir technische Physik, 
vol. 7, no. 11, 1926, pp. 522-527, 9 figs. 
Influence of plastic working, such as _ roll- 
ing, forging, drawing, etc., is investigated 
experimentally on number of metals; for 
metals belonging to regular system (bronze, 
low-carbon steel), no influence on expansion 
coefficients could be established; for metals 
that do not belong to regular crystal system 
(zinc, cadmium, magnesium), such influence 
was observed. 


MOLDING METHODS 


HOLLOW CYLINDERS. How to Make a 
Mold for a Long Hollow Cylinder. Foundry, 


vol. 55, no. 5, Mar. 1, 1927 
2 figs. Several alternative 
gested; local conditions affect 
loam and dry sand compar: 
medium, 


NICKEL 
STRUCTURE, The 
Hi. Collins. Chem. News, vol 
Feb. 11, 1927, pp. 81-85. | 
an atom of nickel has previou 
as SiP; this will now be 
correct quite independently by 
of relative volume and of heat 


Structu 


NICKEL STEEL 
ELECTRICAL RESISTANC} 
of Electrical Resistance of Ni 
Composition, Temperature, and 
ment (Ueber die Abhiingigk: 
trischen Widerstandes der Nic! 
Zusammensetzung, Temperatur 
handlung), F. Ribbeck. Zeit 
vol. 39, no. 10-11, Nov it 
787-812, 11. figs. Curves an 
given showing variation of res 
temperature from 180 to 1006 
Cent. for steels with varying nickel « 
irreversibility of steels with less than 
cent Ni is attributed to supercooling 


OXVAC 


'S AIRPI 


OPEN-HEARTH FURNACES 
COOLING. Cooling of Open-Hearth 

naces (Die Kiihlung von Sien 

Oefen), G. Bulle. Stahl u. Eisen 

nos. 2 and 3, Jan. 13 and 20 

41-52, and 85-90, 37 figs. Purpos rORCH 
ing; different arrangements and devices; hy tion in 
requirement, durability and operating costs a 
advantages and disadvantages of 


DESIGN. Open-Hearth Furnace ( 
tion, C. W. Veach. Blast Furnace 
Plant, vol. 15, no. 2, Feb., 192 
93. It is desirable to know fusing 
of various refractories entering into furna SI 
construction; kind and = quality Fest 
stressed; chromium ore used 


DEVELOPMENTS. Developments 
Open-Hearth Process, B. M. Larsen 
ing—Stamping—Heat Treating, vol. 12 
2, Feb., 1927, pp. 55-60. Review of furna 
construction and operation; metallurgica 
practices; temperature measurement and 
trol; waste-heat boilers; insulation; refra 
tories; pig iron for open-hearth; gas 0x 
tion. Bibliography. 

EXHAUST-GAS UTILIZATION Re 
of Flue Dust Containing Zine and_ Lea 
Oxide, from Exhaust Gas of Open-Heart! 
Furnaces (Die Gewinnung von zinc- und b 
oxydhaltigem Flugstaub aus den 
eines Siemens-Martin-Ofens), 5 
Stahl u. Eisen, vol. 47, no. 5, Feb. 3, 19 
pp. 169-172, 4 figs. Quantity and compos 
tion of flue dust contained in exhaust gases 
measurement of exhaust gases; descriptor 
of Cottrell-Méller dust-precipitation pli! 
and operating results. 

FUEL-GAS PURIFICATION The Purif 
cation of Fuel Gas for Open-Hearth Ft 
naces, F. W. Sperr, Jr. Fuels and Ful ; 
naces, vol. 5, no. 3, Mar., 1927, pp. ° ‘ Rf 
365, 2 figs. Liquid purification p! 
purification of gas for open hearth furt 
sulphur-recovery process for puri! 
manufactured gas. 
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YLENE WELDING 
the 


Oxygen and 
Open-Hearth Furnace 






\ bout 





rips, vol. 5, no. 7, Feb., 1927, 
? figs. Points out that oxy 
ding has proved itself a mate 
























construction maintenance, op 
dismantling; furnace tapping 
ince; relining furnaces; pour 

t slag-ladle repairs. 
STEEL-MELTING Small Open-Hearth 
New Design, H. G. Begeman 
| naces, vol, 5, no. 2, Feb. 1927, 
{ » figs Furnace for melting steel, 
y producers built on to both heads 





has recently been developed and 


eration in steel plant in Austria ; 























furnace is connected with  high- 

‘ one of producers, so that radi 
heat of this zone acts directly upon 

hy ind increases its temperature. 
WATER COOLING, Water Cooling of 
Open-Hearth Furnace Heads (Wasserkiihlung 
Siemens-Martin-Ofenkipfen), A Ziegler. 






Sta Eisen, vol. 
1 98-99, 3 
level ped for 
Réichling, 
btained 


47, mo. 3, dan. 30, 
fies. Describes cooling 
25-ton furnace at steel 

Germany, and good ex 

therewith. 
















OXYACETYLENE 
AIRPLANE 


WELDING 


CONSTRUCTION. Autogenous 














Welding in Airplane Construction (Die auto 
Schweissung Im Flugzeugbau), L 
Suchel \utogene Metallbearbeitung, vol. 20, 
1, Jan. 1, 1927, pp. 3-9, 9 figs. Ap 
ition welding of steel tubes and other 
ction parts 
fORCH MANIPULATION, Torch Manipu 







in Welding 
Feb., 1927, 
ts of torch ar 
very motior 


Welding 
pp. 30-33, 
not just 
of torch 


Engr., 





vol. 12, 
21 figs. Move 
to keep it on 
has effect on 












REFRACTORIES 


SLAG AND FLUE 
resting Method for 
Attack of 
tory Brick 
titativen 
Schlack ind 
‘ e), F 


DUST, EFFECT OF 
Quantitative Determina- 
Slags and Flue Dust on 
(Ein Priifverfahren zur 
Bestimmung des Angriffs von 

Flugstaub auf feuerfeste 
Hartmann Stahl u, Eisen, vol. 
Feb. 3, 1927, pp. 182-186, 3 figs. 

ind volumetric loss as a measure 
bsorbtivity ; influence of temperature, 
et slagging effect of iron and 
oxide; application to testing of 
ck and materials, 
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Metal Research (Me 
in der Industrie), E. H. Schulz. 
Zeit., vol 71, no, 6, Feb. 5, 1927, 
18S, 2 figs. Review of develop 

special position of metal 
industry; relations between 
research and research in pure 
ure prospects 
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Flow in the 
Blast Furnace & Steel 
Feb., 1927, pp. 82 
to determine flow 
rolled, method has 
threaded test pieces 
of steel and this 
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block rolled exactly as in practice l'rans 
lated from Stahl u. Eisen, Nov. 16, 1927, 
pp. 1577-1582 

COLD STRIP, Coilers for Cold Strip 
Rolling Mills, ¢ E. Davies Engineer, vol 
143, nos 3707 and 38708, Jan 28 and 
Feb. 4, 1927, pp. 92-94, and 128-125, 21 
figs. Primary purpose is merely to dispose 
conveniently of long strips of metal; hand 
coiling is only advantageous when dealing 
with very short strips; types of coilers; 
essential features of effective coiler of reg 
ular type; principle of automatic coiler; 
thick strip coilers 

ELECTRIC DRIVE Electrical Develop 
ments. Blast Furnace & Steel Plant, vol 
15, no. 2, Feb., 1927, pp. 80-81, 2 figs 
Increase in number of motors is indication 
of trend toward individual drive for various 
stands; tendency toward large prime movers 

FORD MOTOR CO., RIVER ROUGE. The 
Steel Mill of the Ford Motor Company, T 
Harvey. Gen. Elec. Rev., vol. 30, no. 3, 
Mar., 1927, pp. 152-159, 5. figs Rolling 
mill; system of power generation and dis 
tribution; merchant and blooming-mill mo 
tors and control; projected developments and 


equipment 





SCRAP 

CLASSIFICATION Classification of Old 
Metals, Brass World, vol 23, no 2. Feb., 
1927, pp. 55-56 Presents official terms in 
scrap-metal trade for reference purposes, 
STEEL 

ANALYSIS. Some Notes on the Analysis 
of Steels, W. Singleton Chem. Age (Met. 
Section), vol. 16, no. 397, Feb. 5, 1927, 
pp. 9-11. Methods of analysis for determin 
ation of chromium, manganese, molybdenum 
and small amounts of copper when present 
in steel; they consist for the most part of 
modifications of existing methods and are 
of particular interest because of their rapid 
ity and ease of operation 

AUSTENITE TRANSFORMATION INTO 
MARTENSITE. On the Transformation ot 
Retained Austenite into Martensite by Stress, 
K Honda and K._ Iwase. Am. Soc. for 
Steel Treating—Trans., vol. 11, no. 38, Mar., 
1927, pp. 399-406 and (discussion) 407 


412, and 473-474, 6 figs. Quenched austenite 


can be transformed into martensite by cold 
working; internal stress set up in steel by 
quenching promotes transformation of re- 
tained austenite into martensite; fact ob 
served by Mathews that in case of alloy 
steels, more austenite is obtained by oi! 
than by water quenching, is only valid for 
thick plates or rods in which internal stress 
caused by rapidly cooling is fairly large, 
and can be explained as effect of stress; 
by cooling quenched steels in liquid air, 
retained austenite is transformed into mar 


tensite, amount 
the thicker the specimens. 

AUSTENITIC STRUCTURE. The Decom 
position of the Austenitic Structure in Steels, 


of transformation being less 


©. E. Harder and R. L. Dowdell Am. 
Soc. for Steel Treating—tTrans., vol. 11, no, 
3, Mar., 1927, pp. 391-397, 12 figs. Con 
tinuation of research on decomposition of 
austenitic structure in steel, paying partic 
ular attention to decomposition of austenite 
in liquid oxygen; six steels were included 
in investigation; (1) cobalt-chromium mag 
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net steel, (2) Hadfield manganese steel, (3) opinion that transverse cra 

high-carbon high-chromium steel, (4) _ high- non-metallic inclusions u 

speed steel, (5) 22-per cent nickel steel, oxide coating are origins 

and (6) hypereutectoid carbon steel; marked tests; tests were made 

difference in stability of austenitic structure steels ranging from 0.03 

at low temperatures is clearly shown; con carbon; experiments with « 

sideration of influence of stresses at liquid steels, high-chromium ste 

oxygen temperature on decomposition of nickel steels; in author’s 

austenite. fatigue depends on two 
BRITTLENESS. Influence of Compression intensity and stress rat 

on the Brittleness of Steel (Influence de la fatigue limit depends on 

compression sur la fragilité de l’acier), P. well as on corrosion resist 

Dejean. Academie des Sciences—Comptes EMBRITTLEMENT., 

Rendus, vol. 184, no. 4, Jan. 1927, pp Steel, A. G. Christie. 

188-189. Results of number of tests on bars Assn.—Jl., vol. 17, no. 

with square section of 32 mm, on side 174-189. Progress report 

forged from same billet and with same car No. 6 on embrittlement 

bon content (0.80); these bars were divided engineers have been led t 

into three groups and heat treated in dif such embrittlement as oc 

ferent manners; from results it appears that by presence of caustic in 

as long as load on bar does not attain resulting from occurrenc: 

certain critical value, resilience of metal ate in feedwater; other 

does not seem to be materially affected by cluded that other causes 

previous compression, but beginning with type of failure and that | 

that critical value resilience falls off very is not controlling factor ; 

suddenly; this critical value varies with soning of both schools of 

previous treatment of tar. marized; most experimental! 
CEMENTATION. Cementation of Mild as been with waters high 

Steel (Cementation de l’acier doux par le bicarbonate of soda. 

cyanogene et la cyanamide), E. Perot. FATIGUE. Hysteresis and 

Académie des Sciences—Comptes Rendus, vol. Wohler Rotating Cantilever Sp: 

1838, no, 23, Dec. 6, 1926, pp. 1108-1110, Inglis. Metallurgist (Supp! 

2 figs. Use of cyanogen and of cyanamide neer), Feb. 25, 1927, pp 

for cementite formation as compared with Experiments definitely indicat g 

ethylene and methane; cyanogen without re- fatigue limit, but not as definite poir 

newing atmosphere gives results about equiv- work curve; so far as _ experiments 

alent to those obtained with ethylene or gone, there appears to be no si! 

methane in continuous circulation. between work done up to f 
CEMENTITE CONDITION. The Impor- ‘tress and that stress; tests 

tance of Cementite, R. G. Guthrie. Am. out on bars made from batc! 

Soc. for Steel Treating—Trans., vol. 11, no. carbon and medium-carbon ste 

3, Mar., 1927, pp. 341-354, 17 figs. Author FATIGUE STRENGTH. | 

calls special attention to what he believes of Hard Steels and their Relatior 

to be basic and well-known points of vital Strength, J. M. Lessells. Am. 

importance when anticipating behavior of Treating —Trans.. vol. 11. n 

articles manufactured from straight carbon pp 413-1420 and (discussion) 

steel; he is of opinion that condition of figs. Data on tensile and fat 

cementite is of utmost importance, and that of very hard steels; app! 

. : ¢ & » app) 

in low-carbon steels which are not to be extensometers to measurement 

subjected- to hardening, it is desirable that erties; relationship between ten 

cementite be in spheroidal condition but that Brinell hardness and enduranc: 

in high-carbon steels which are to be sub- how residual stresses present in mat 

jected to hardening it is desirable to have influence such relationship: 

cementite in lamellar’ form. medium-carbon steel in gear 


COLD-DRAWN. Volumetric Changes in shown by results obtained 
Steel with Cold-Drawing (Volumeniinderungen i: / _ i 
von Stahl beim Kaltrecken), E. Houdre- _,1DEAL VS. COMMERCIAL. | 
mont and E. Btirklin. Stahl u. Eisen, vol. Commercial Steels, J. D. G 
47, no. 3, Jan. 20, 1927, pp. 90-93, 3 figs. Stamping—Heat Treating, v 
Importance of volumetric deeoens in Mauerer Feb., 1927, pp. 38-40 and 43, 
hardness theory; volume change in hardened position of steel and « 7 
and cold-drawn steels in relation to degree cussed from metallurgical! 
of deformation; points out that there is no ence of inclusions. 
absolute relationship between increase in MOLYBDENUM IN. M 
strength and decrease in density; stress dis- Iron & Coal Trades Rev., v: 14, 
tribution with hardening and cold drawing; Feb. 18, 1927, p. 279. Reviev 
results of extended drawing tests. issued by Research Department 
CORROSION FATIGUE. Corrosion-Fa- on influence of molybdenun 
tigue of Metals as Affected by Chemical carbon steels containing n 
Composition, Heat Treatment and Cold Work- mium, 
ing, D. J. McAdam, Jr. Am. Soc. for NICKEL AND COBALT IN 
Steel Treating—Trans., vol. 11, no. 3, Mar., son of the Effect of Nickel 
1927, pp. 355-880 and (discussion) 380-390, Steel, F. H. Allison, Jr. A 
12 figs. Gives results of previous investiga- Met. Engrs.—Trans., no. 1662 
tion of corrosion fatigue of metals and sets 11 pp., 12 figs. Chemically, 
forth materials, machines and specimens used enter into steel in much thi 
in further investigation; author describes and they are found to dissolve f/ 
illustrates corrosion-fatigue spots and is of and are found also in solutior 
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both render carbide unstable, and 
probably the more deleterious agent ; 
s between nickel and cobalt steels 
1 by individual effects which these 
exert on critical points. 
NITRATION. Nitration of Steels (Sur la 
tryration des aciers), L. Guillet. Académie 


s Sciences—Comptes Rendus, vol. 188, no. 
1 Nov. 22, 1926, pp. 9383-935.  Brinell 
ve been carried out on tempered 


eo-hardened steel, and on chrome-aluminum 
type] which had been nitrated by means of 
mmonia for 90 hr. at 510 deg. so as to 
oroduce nitrated layer 0.8 mm, thick; latter 
tee] had greater initial hardness, and this 
vas retained to greater extent than in case 


tee 


f former, when steels were maintained at 
gradually increasing temperatures (from 
i80 to 600 deg.) for various periods of 


SEGREGATION. Segregation and Strength 
(Seigerungen und _ Festigkeits 
eigenschaften), G. Fiek and G, Sachs. 
Bauingenieur, vol, 8, no. 5, Jan, 29, 1927, 
pp. 75-78, 6 figs. Results of investigations 
vad State Materials Testing 


Properties 


1 by German 
Institute on I-beams, showing deleterious ef- 
t of phosphorus-rich segregations in low 
steels; deformability of segregated 
s is considerably less than that of pure 
iterial 
SHEET, GALVANIZED. A Theory of the 
Cause of Blisters on Galvanized Sheets, L. B. 
Lindemuth. Am. Inst. Min. & Met. Engrs.— 
Irans., no. 1659-C, Mar., 1927, 3 pp. Au- 
r’s theory is that blisters are caused by 
jisture that has penetrated steel after an- 
ling operation; this moisture comes from 
sphere, or from pickling or washing, 
nd when it is suddenly expanded into 
superheated steam in galvanizing, increase 
n volume is so great that it cannot escape 
vith sufficient rapidity through small open- 
ng where it entered as moisture; preven 
n of blisters. 
STRESS DISTRIBUTION. Stress Distribu 
in Mild Steel as Indicated by Special 
Etching, J. D. Jevons. Engineering, vol. 
123, nos. 3187 and 3189, Feb. 11 and 25, 
pp. 155-157 and 221-223, 41 figs. 
partly on supp. plate. Investigation of 
rain-etch figures produced on specimens of 
irious shapes; standard cylinders under com 
ression; notched tensile bars; influence on 
nsile specimens of Dalby collar; effect of 
rection of rolling on strain figures pro- 
ed on rolled bars; influence on _ strain 
figures of chemical composition and type of 
eel; mechanism of deformation of mild 
comparison of strain-etch figures with 
gures obtained by photoelastic methods and 
scale on surface effects. 
TEMPER BRITTLENESS. 





»* 


Temper Brittle- 


ss. Metallurgist (Supplement to Engi- 
neer), Feb. 25, 1927, pp. 21-28, 2 figs. 
‘or steels which show temper brittleness 


> 18 temperature range in which, starting 
er from tough or brittle condition, tem- 
ring produces intermediate notched-bar im- 

value corresponding to equilibrium con 
tempering above this range always 
toduces tough condition and below it causes 
es hange; refers to paper by Guillet and 
‘allay in Revue de Métallurgie, giving re- 
‘ts of repeated impact tests indicating that 
‘pecimens showing temper brittleness have 
values, especially if energy of re- 
ated blows is increased; tests were also 


tion 


Ve] 


ENGINEERING INDEX 


made at increasing temperatures on tough 
and embrittled specimens of nickel-chromium 
steels; includes list of papers presenting in 
teresting theories to explain temper brittle 
ness, 


STEEL CASTINGS 
GAS SOLUBILITY IN 
in Cast Steel (Recherches sur la_ solubilite 
des gaz dans l’acier fondu), P. Dejean. 
Chimie & Industrie, vol. 16, no, 8, Sept., 
1926, pp. 427-429, 3 figs. Results of in 
vestigation to determine influence of nature 
of gases on formation of blowholes. 
RISERS, REMOVAL OF. The Removal 
of Risers in the Steel Foundry, L. E 
Everett. Am. Welding Soc.—Jl., vol. 6, 
no. 1, Jan., 1927, pp. 48-56. Explains 
methods of removing risers used in modern 
progressive steel foundries; discusses four 
methods of removing heads: (1) by flogging 
or sledging, (2) by sprue cutter, (8) by 
cold saw (high or low-speed), (4) by 
oxyacetylene cutting torch; deals particu 
larly with last method. 


Solubility of Gases 


STEEL, HEAT TREATMENT OF 
DRILL 


STEEL. Carbon Drill Steel and 
its Heat Treatment, V. O. Cutts. Min. & 
Indus. Mag., vol. 3, no. 11, Jan. 26, 1927 


mts 
pp. 383-388. Steel failures and their cor 
rection; care in selecting steel; comparison 
between heat treated and normalized steels; 
getting maximum and best service; standard 
test for drill steels. 

HARDENING, Influence of Temperature 
of Quenching on Mechanical Properties of 
Special Low-Carbon Steels (Influence de la 
température de trempe sur les propiétés 
méchaniques d’aciers spéciaux peu carbures), 
M. Sauvageoy. Chimie & Industrie, vol. 16, 
no. 3, Sept., 1926, pp. 411-419. Results 
of tempering tests; micrographic examina- 
tion of specimens; determination of brittle 


ness of bars after quenching and heating 
at different temperatures and determination 
of hardness of specimens taken from _ these 


bars; results of tensile tests of bars under 
different treatments. 


HARDENING, Pack Hardening of Vari 
ous Steels, A. Mumper. Forging—Stamping 


Heat Treating, vol. 12, no. 2, Feb., 1927, 
pp. 53-55 and 60, 4 figs. Mention is made 
of several grades of steel used in making 
dies; heat treatment for various parts of 
dies; pack-hardening of tool steel often ad 
vantageous, 

LABORATORY FINDINGS APPLIED TO. 
Laboratory Aids Steel Treater, A. W. F. 
Green. Iron Age, vol. 119, no. 7, Feb. 17, 
1927, pp. 487-490, 11 figs. | Specific in 
stances of value of co-operation; relation of 
laboratory operations to steel treating. 


TIRES AND AXLES. The Forging and 
Heat Treatment of Tyres and Axles, W. 


Sutherland. Australasian Inst. Min. & Met. 


—Proc., no. 638, Sept., 1926, pp. 33-46, 
1 fig. Iron-iron carbide equilibrium dia- 
gram: considers changes which occur on 


cooling pure carbon steels of varying carbon 
content from temperatures above upper limit 
of critical range, at which steel consists 
of solid solution referred to as austenite; 
deals with annealing, normalizing, hardening 
and tempering; mechanical treatment of 
steel; manufacture and testing of tires and 
axles, 



















































































































































































































































































































































































































































































































































































































































































656 TRANSACTIONS OF 






TOOL STEEL Tool Hardening and An 
nealing in Railway Repair Shop at Schwerte 
(Die Werkzeughiirterei und Gliiherei im 
Kisenbahnausbesserwerk Schwerte), L. Kupfer 
and F,. Béhm., Archiv fiir Wiirmewirtschaft, 
vol. 8, no. 1, Jan., 1927, pp. 9-12, 11 figs. 
Suggestions for use of gas; measures for 
obtaining uniform temperatures in = anneal- 
ing room; results of tests on annealing and 
hardening furnaces; elimination of disturbing 
influences in pipe line, 


STEEL MANUFACTURE 


INGOT PRODUCTION Production — of 
Steel Ingots, H M Boylston. Fuels & 
Furnaces, vol. 5, no. 2, Feb., 1927, pp 
163-170, 8 figs. Teeming of ingots; teeming 
ladle; temperature and rate of pouring vari 
ous types of ingot molds; stripping of in 
gots; soaking pits, their construction and 


use. 


METHODS. The Qualities of Steel and 
their Relations to Manufacturing Methods 
(Ueber Stahlqualitiiten und ihre Beziehungen 
zu den Herstellverfahren), P. Goerens. 
Kruppsehe Monatshefte, vol. 8, Jan., 1927, 
pp. 1-8, 10 figs. What is meant by quality 
of steel; nonmetallic inclusions in steel, and 
their significance; advantages and disadvan 
tages of present methods of manufacturing 
steel; points out necessity for close co 
operation between steel users and manufac 
turers. 





STEEL WORKS 


FUEL ECONOMY IN Fuel Economy in 
Steel Works Producing its own Coke (L’utili 
sation des combustibles dans une usine 
sidérurique compléte), M. Laffargue. Chimie 
& Industrie, vol. 16, no. 3, Sept., 1926, 
pp. 391-398 Points out that steel plant 
having its own coke-oven plant has con- 
siderable amount of excess gas, and com 
plete utilization of this combustible gas is 
seldom realized; author recommends organi 
zation of heat-control department, which 
would effect economy in fuel far surpassing 
cost of maintaining such a department. 


POWER ANSTALLATIONS. Use of Power 
in American Steel Mills, W. Sykes. Iron 
Age, vol. 119, no. 9, Mar. 3, 1927, p. 635. 
Paper read before Mid-West Power Confer 
ence, (Abstract. ) 


SPAIN, Integrated Steel Mill in Spain, 
KF. ©, Roberts Iron Age, vol. 119, nos. 
7 and 8, Feb. 17 and 24, 1927, pp. 494 
497 and 571-573, 5 figs. Feb. 17: Ore from 
nearby mountains joins imported coal at 
seaboard; pig iron, billets and finished lines 
made; located at port of Sagunto, Spain, 
on shore of Mediterranean Sea. Feb. 24: 
Reversing blooming mill, three-high rail and 
structural mill, plate and merchant mills 
work up ingot output. See also description 
in Iron & Coal Trades Rev., vol. 114, no 
3076, Feb. 11, 1927, pp. 218-220, 2 figs. 





STELLITE 


CHARACTERISTICS,  Stellite, A. V. Har 
ris Tech. Eng. News., vol. 8, no. 1, Feb., 
1927, pp. 8-9 and 42, 5. figs. Metal is 
alloy of cobalt, chromium, and_ tungsten, 
with any iron present only as impurity; 
stellite’s hardness is inherent, requiring no 
tempering or heat treating; it is also 
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rt VGSTEN 


OLLOWING PHENOMENA, § Hol 
fungsten Bars by Central Fusion 
@ hénoméne de l’évidement de 
tungstene par fusion centrale), 

\\ Société Chimique de France 
9-40, no 12, Dee 1926, pp 
g 1 fig In preparation of tungsten 
iwing, very heavy currents are 
gh bars of metal in atmosphere 
nu: oecasionally melting point 
abs.) is accidentally exceeded 
ptures, When its interior is found 
w, and metal immediately sur 
llow shows evidence of melting 
ent recrystallization; cooling of 
rs must be due both to radiation 
luction and convection by gas; 


t 


RYSTALLINE STRUCTURE The Influ 
( stal Structure on Form-Retaining 
f Tungsten Lamp Units (Ueber 

ss der Kristallstruktur auf die 
ligkeit von Wolfram-Leuchtkir 
 Koref Zeit, fiir technische Physik, 
11, 1926, pp. 544-547, 6. figs 

es, consisting of a single or a 
vstals, are superior to usual 

ine units, not only because of 
nical behavior in low tempera- 

do not become brittle after heat- 
cause of their constancy of form 

ent heat; points out importance 
retaining wire for incandescent 


! FORMING Grain Boundary Phenom 
fungsten Filaments, E. S. Daven 
\1 Inst Min. & Met Engrs 
1635-E, Feb., 1927, 15 pp., 25 
tain metallic filaments, when sub 
high temperatures, either in vacuum, 
tective or reducing atmospheres, 
ill pits or voids in grain bound- 
hese pits, for most part, are dis 
1 and approximately spherical; pit 
tendency has been most pronounced 
f tungsten, molybdenum and few 
fractory metals made from powders ; 
chemical and thermal treatment of 
is pronounced effect on readiness 
vhich intergranular pits develop; con- 
f h variables may give practical 
limiting pitting; size of pits is 
f time of burning and_ probably 


WELDING 


\ST ALUMINUM. How to Weld Cast 
Brass World, vol. 23, no. 2, 
pp. 47-48, 4 figs. Difficulties 

ind how to overcome them. 


AST IRON Autogenous and_ Electric 
ng of Cast Iron Metallurgist (Sup- 

Engineer), Feb. 25, 1927, pp. 
rs Review of work by P 


f 


S ipke, published in Stahl u. Eisen, Aug. 


giving comprehensive study of 
ding practice with particular ref 
t iron; includes sketch of mod 
ge autogenous plant, and points 

V-pressure acetylene generators 
ved are largely supe rseded by 
high-pressure generators working 

inging from 8 ft. of water 
sphere; discusses factors which 
sidered in electric arc welding. 


} 


ENGINEERING 


INDEX 


FLOW OF METAL The Flow f Welding 
Metal, J. B. Green Welding Engr., vol. 12, 


no. 2, Feb., 1927, pp. 25-29, 18 figs. Slow 
motion movies, taken with infra-red light 
on special film, are used to show welding 


qualities of filler rods 


POWER PLANTS Special Uses of Weld 
ing in Westport Station Power, vol. 65, 
no. 7, Feb. 15, 1927, pp. 249-250, 
Welding used for variety of purposes, in 
cluding pipe line fabrication, replacement of 
studs in boiler handhole plates, repair of 
broken stoker cranks and removal of 
ator rotor end rings 

RODS. Effect of Surface Materials) on 
Steel Welding Rods Boiler Maker, vol. 27, 
no. 2, Feb., 1927, pp. 51-52, 1 fig Dis 
cussion of effect on working qualities of 
metallic and non-metallic surface materials; 
gas filler rods, 

STRUCTURAL STEEI 
in Structural Field, W 
Machy., vol. 36, no 


o figs 


rene 


Welding Progress 
Spraragen Can 
27, Dee 30, 1926, pp 
177-207, 48 figs. Demonstrates reliability 
and economy of welded joints, and their 
application to structural steel field 


WELDS 


FATIGUE RESISTANCE Suggested Pro 
gram for an Investigation of the Fatigue 


Resistance of Welds, American Bureau of 
Welding, H. L. Whittemore Am. Welding 
Soc.—Jl., vol. 6, no. 1, Jan., 1927, pp 
21-24 Failures of steel members of ma 


chine which was subjected to many wide 
variations in stress were not satisfactorily 
explained until investigation of fatigue prop 
erties of material showed that) maximum 
stresses were higher than endurance limit; 
tentative results recently obtained indicate 
that endurance limit of welds may be about 
one-half that of base metal; rotary beam 
machine of Farmer type is well adapted 
for testing welds; other suitable machines 


PHYSICAL PROPERTIES Physical Prop 
erties of Welds Produced by Oxyacetylene or 
Electric Methods (Ueber die physikalischen 
Kigenschaften der mittels Acetylen-Sauerstoff 
oder auf elektrischem Wege_ geschweissten 
Erzeugnisse), W. Hoffmann. Autogene Me 
tallbearbeitung, vol. 20, nos. 2 and 8, Jan 


, 





15 and Feb. 1, 1927, pp. 18-27 and 33-37, 
29 figs. Physical properties of welded joints, 
including strength and notched hardness ; 
quality tests; welding rods and electrodes ; 
welding of castings; chemical phenomena in 
connection with welding; cold and hot weld 


ing; hot welding of cast iron Bibliography 


WIRE 
ANNEALING Use of Salt Baths in An 
nealing of Wire Fuels & Furnaces, vol. 5, 


no. 2, Feb., 1927, p. 241, 1 fig. Coils of 
wire weighing 200 to 300 Ib. are immersed 
in salt bath until annealing temperature 
is reached, then removed, permitted to cool 
and rinsed. 


STEEL. Testing of Steel Wire (Nouvelle 
méthode d'essai des fils d’acier). Génie 
Civil, vol. 90, no. 2, Jan. 8, 1927, pp. 
41-45, 24 figs. Author condemns ordinary 
tensile test suggesting that load under which 
wire breaks, divided by origina! cross-se¢ 
tional area of wire, giving figure usually 
termed ultimate stress, has little value; in 
his opinion, elastic limit should be deter 
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mined, and suggests simple way of doing 26 figs. Bridgeman method of 


this; he attaches great importance to de- single crystals; Czochralski and (cm: 
tection of central segregation in steel wire method; single crystals of metal]s vy he 
and suggests that wire makers prefer segre- prepared (1) by annealing at rather ‘hii 
gated steel; recommends determination of temperature to promote grain growth: of. 
limit of proportionality in tension, shock slight straining before annealing facilitate: 
test, and macro-etching test applied to cross this growth; (2) by drawing polycrysta}|ip, 
section of wire. See also review in Metal- wires at determined speed througi iat 
lurgist (Supp. to Engineer), Feb. 25, 1927, temperature gradient, as in preparation , 
pp. 31-382. single crystals of tungsten; (3) by startinc 

solidification of metal in capillary tube ana 
ZINC gradually increasing size of tubs 4) by 


drawing molten metal through sharp 
SINGLE CRYSTALS, PREPARATION. ature gradient which freezes meta] 


Preparation of Metallic Single Crystals and single crystals possess unusual and differen: 
Twinning in Zine and Zine Single Crystals, properties from ordinary polycrystalline gar, 
O. E. Romig. Am. Inst. Min. & Met. Engrs. ples; their physical properties vary w; 
—Trans., no. 1631-E, Feb., 1927, 23 pp., difference in orientation. ‘ 







STRESSES IN QUENCHED AND TEMPERED STEEL 
By 8. L. Hoyt 
(Continwed from Page 530) 


volume change sets up a stress, or alters the internal stress, at that section, 
which is not balanced by the stress at other sections and this results in a 
strain. This strain is superposed upon the volume change to produce th 
irregularities recorded. By using Scott’s data I have found that this pictur 
is consistent with the experimental facts, that is, that I can predict the way 
in which the length and diameter will vary during quenching and tempering. 

The second last paragraph of Professor Jasper is not clear to me, but it 
he will indicate the particulars which he has in mind, I shall be glad t 
attempt a fuller explanation. Unfortunately even a complete application of 
the present mathematical theory of elasticity will not be sufficient for our 
present purposes, for, as Love himself points out, it does not hold rigidly for 
elastic after-working, etc., with which we are directly concerned. 

To Mr. Lessells I would say that I made no special effort to keep the bar 
straight. It warped some, but the measurements were made along four lengths 
at 90 degrees. The variations in these measurements were not large in compari 
son to the jength changes involved. The attempt to correlate the Brinell hard 
ness and internal stresses is very interesting and I regret not having som 
thing to add. The evidence is that the bar with internal stresses gives a point 
which does not fall on the B. H.—tensile strength line. Why not try to asso 
ciate this with the effect of the stresses on the tensile strength? 

Mr. Klopsch calls attention to the fact that the outside is converted int 
martensite before the inside passes through Ar’. I do not infer that he im 
plies that this materially alters the situation, for it is the shrinkage of the 
inside due to the temperature change which exerts the effect. The expansion 
at Ar’ would release the stress comparatively little as the expansion is not 
large compared to the temperature shrinkage. 

Mr. de Forest calls attention to some important effects, and I realize that 
the stresses studied are not the only ones present. But Scott and Storey have 
studied these effects, and I would prefer to refer to their work rather than 
attempt a reply. 

The point raised by Mr. Davis has not been properly answered yet. It 
would be interesting to have the case thoroughly studied and reported upot. 
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News of the Society 


A NEW CHAPTER 





NEW chapter of the American Society for Steel Treating located at 
A Dayton has established a record in the history of Society activities, by 
beginning its existence with an initial membership of 107 members. Of this 
number 14 are of the sustaining class; 2 are associates, and the remaining, 
¢ the member class. 

[t was when H. H. Skinner, formerly member of the New York chapter in 
Poughkeepsie, became associated with the Dayton Power and Light Company 
as gas sales manager that the preliminary work accomplished by W. H. 
White, chairman of the membership committee of the Cleveland chapter and 
his Dayton committee, consisting of Otto Klopsch, Charles Merrell, and 
George J. Oswald, began to bear fruit. 

Following a request to the National Office, H. K. Briggs, assistant secre- 
tary, spent some time in Dayton assisting Messrs. Skinner, Sisco, Reiter, 
Klopsch, Oswald and other Dayton members in getting the preliminary work 
accomplished. Dayton presented a petition, signed by 85 prospective members, 
to the National Board for a chapter charter, which was granted. 

The first meeting was held in the splendid auditorium of the Dayton Engi 
neering Society’s building, on Thursday evening, March 24. Mr. H. H. 
Skinner, chairman of the Organization Committee, called the 250 guests and 
members to order and gave a brief outline of activities during the organization 
period and presented the report of a Nominating Committee, which report was 
inanimously approved. 

George J. Oswald, Research Dept. National Cash Register Co., the newly- 
elected chairman, took charge of the meeting and introduced assistant secre- 
tary Briggs and secretary Eisenman, who presented a charter to the chapter. 
Seventeen additional applications were turned in at this time from those who 
wished to be considered charter members of the Dayton organization. 

After the preliminaries of the organization, Frank R. Palmer of the 
Carpenter Steel Company presented his talk on ‘‘ Giving Steel Tools a Chance,’’ 
which was given in his characteristically interesting style and was most 
cordially received by all in attendance. 

Announcement of the next two meetings was made, the one on Monday, 
April 18, to be addressed by W. 8S. Bidle, President of the W. 8. Bidle Co., 
Cleveland; and past president of the American Society for Steel Treating. 
The May meeting will be addressed by Earl C. Smith, assistant general super- 
intendent of the Central Alloy Steel Corporation, Canton. 


The newly-elected officers of Dayton chapter are as follows: 
CHAIRMAN—George Oswald, National Cash Register Company 


VIcE-CHAIRMAN—O. Z. Klopsch, Deleo-Light Company 
Sec’y & TrEAs.—F. M. Reiter, Dayton Power and Light Company 
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COMMITTEE 


‘arter, National Cash Register Company 
Skinner, Dayton Power and Light Company 


R. G. Rodgers, Deleo-Remy Corporation 


H. M, 


Williams, Deleo-Light Company 


r. J. Mullen, City Machine and Tool Company 
(, EK. Merrill, Gustave Wiedeke Company 
I’. T. Siseo, MeCook Field 







in Group Il. This is indicative of the splendid spirit and enthus 


The Dayton chapter at their own request start with their chapt 


meating the members of this new division, and also that 


inauguration is but a slight indication of greater successes that wi 


in the future. 


publications being indexed inelude the 10 volumes of the TRANs 
volumes of the Journal of the American Steel Treater’s Society 


volumes of the Proceedings of the Steel Treating Research Society, 


{a is in process of preparation a 


GENERAL INDEX 





so far published by the American Society for Steel Treating 


approximately 12,000 pages. 


Mr. Frank T. 


index, and it undoubtedly will be as comprehensive, complete and satisfact 
as it is possible for 


6 x 9, and will be 


volumes of the TRA 


The cost of preparation and publication of 1000 copies of this 


Sisco, McCook Field, Dayton, the well known 


metallurgist, has been engaged for about one year in the preparatior 


an index to be. It will contain approximately) 


in the same binding as at present used 
NSACTIONS. 


be approximately $4000.00, or at the rate of $4.00 per index. 


much as the index is published as a service to the members of the Societ 


the Board of Direc 


$1.00 per copy providing orders for the index are received in advance 


date of publication. 


Proper order forms for the index will be mailed to the members 


next 





‘tors 


issue of data sheets. 


general index to all of 


has authorized the sale of the index at 
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News of the Chapters | 
i ai 


BOSTON CHAPTER 





March meeting of the Boston Chapter was held at the Massachusetts 
tute of Technology on Friday, March 4, 1927. Dinner was served to 
embers and guests in Walker Memorial and about one hundred and 
ttended the evening meeting. Among the guests were C. M. Freitag 


dence Chapter and our ever-welcome guest A. H. d’Areambal of Hart 










lowing a short business meeting at which a summary of the member 





ns and losses for the last two years were given, Dr. G. B. Waterhouse 























one of his interesting talks on current events in heat treating. He 
as his subject a recent paper on the growth of cast iron after re 

ted heatings, which was very interesting due to its relation to carburizing 
ts and furnace parts. Pieces 6 inches long and 0.6 inches in diameter were 
d, then heated to 1650 degrees Fahr. and cooled fifty times. Five 
rent irons were taken, the silicon being different in each, the balance of 


ements being similar in each sample. The following results were ob 











lron with 0.68 per cent Silicon grew’ 6 per cent 
Iron with 1.06 per cent Silicon grew 17 per cent 
3’—Iron with 1.50 per cent Silicon grew 24 per cent 


{—Iron with 1.99 per cent Silicon grew 29 per cent 
5—Iron with 2.50 per cent Silicon grew 40 per cent 
is apparent from the above that annealing pots and furnace parts 
d not be made of high silicon cast iron. It was also noted in the paper 
the growth was much retarded by heating in hydrogen and accelerated 
heating in carbon dioxide, showing that the growth was in proportion to 
mounts of oxygen present. 
The principal speaker of the evening was I. B. Lounsberry, vice-pres 
nt of the Atlas Steel Corporation, Dunkirk, New York, who selected as 


s subject ‘* Tool Steel Failures, Their Causes and Cures’’ 









The talk was divided into three parts: 





I Why did it fail? 
LI Whose fault was it? 


Li] Suggested remedies. 













Lounsberry also discussed the various things which assist the tool 
ker in the selection of the proper steel for a given job. As a means to 

the greatest possible service from the manufactured tools, he sug 
gested more co-operation between the tool steel manufacturer and the cus 
nd in the customer’s plant itself, more co-operation between the 


department, the tool room and the hardener. 
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The talk was fully illustrated and in a language which could | 
understood. In addition to a large collection of micrograph slides, 
berry showed many illustrations of fractures of defective tools 
One of the slides shown was a milling cutter with several teeth bro} 
Our visitor from Connecticut volunteered the information that this w 


« . ‘ 
oe a." 


Ir. 


pyorrhea cutter’’. Considerable discussion accompanied and 
Mr. Lounsberry’s very interesting talk. 

A letter has been received from the chairman, F. H. Cole. wh 
keeps him in New York a greater part of the time. He regrets that 
had to miss a couple of meetings, but hopes to be with us oceasiona 

The annual meeting will be held this year at Beverly, Mass., on 
The United Shoe Machinery Corporation has invited us to spend 
in its plant, and after dinner at its Country Club. J. C. Keilman, 
New Departure Manufacturing Company, will address the chapter on 


W 


’ 


‘ 
i i\ 


yt 


bY 


ing By the Upset Process’’, Members of other chapters are cordially invit, 
on condition that they notify the secretary of the Boston Chapter of th 


intention to be present. Bring along your golf sticks and a good right ar 


for horseshoes. We hope to have the national officers with us on this oce: 


H. FE. H 
CHICAGO CHAPTER 
Before a record breaking crowd taxing the capacity of the Cit 


a 


I’. B. Lounsberry, vice-president Atlas Steel Corporation, Dunkirk, N. \ 


spoke before our chapter Thursday evening, March 10. Mr. Lounsberr 
ject was ‘‘Tool Steel Failures—Their Causes and Cures.’’ The 


tool steel manufacturers’ standpoint as well as from the standpoint 
tool steel users. 


The meeting opened by the introduction of our new president, J. 
£ s 


ean Society for Steel Treating.’’ 


\ 


pape r 
illustrated with lantern slides and brought out clearly the subject from th 


OT 


I 


W 


+ 


To 


} 


t 





Fleteher 
Harper, who spoke briefly upon the ‘‘ Past, Present and Future of the Amer 


This was followed by a very humorous talk by our genial national seer 


tary, ‘‘Bill’’ Eisenman, pertaining to his trip abroad. 


CLEVELAND CHAPTER 
I’, R. Palmer of the Carpenter Steel Company, Reading, Pa., 
speaker at the meeting of the Cleveland Chapter held on Friday 


Was 


evening, 


February 18, 1927. The subject of his address, ‘‘Giving Steel Tools 


Chance’’ 


industry. His talk covered the field of tool design, cause of tool 


fail 


preferred heat treatment, ete. Many new and interesting points were brou 


out concerning the practices just mentioned. Mr. Palmer presented his su! 
ject in a delightful and interesting manner, making it understandable 


practical value to the shopman as well as to the executive. 
On Monday evening, February 28, 1927, the Cleveland Chapte! 
special meeting at Physics Building, Case School of Applied Scien: 


speaker was Professor C. H. Desch of Sheffield University, Sheffield, bk: 


and he addressed the members on ‘‘ Modern Views on the Deform: 
Metals’’, 


ALOT 


Ire, 


ao 
= 


and ¢ 


, 1s one which is of vital interest to men engaged in the steel to 
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Desch is a widely known English metallurgist and the author 
wks on metallography, alloys, the phase rule and others, The 
d his subject in an unusually interesting form and was very 
to present this type of subject. 

0) ng and the Quenching Efficiency of Various Coolants’’ was 


ff the address given by O. Z. Klopsch of the Deleo Light Com 













Dayton, O., on Friday evening, March 15, 1927, to members and guests 
eland Chapter. 
Klopsch was exceptionally well qualified to discuss this subject and 
many interesting facts concerning various tests which H. J. 
d he had made at the Bureau of Standards, Washington, D. C. His 
companied by lantern slide charts. The numerous questions put to 
mbers of his audience were ably answered by the speaker. 
\lr. Eisenman seemed to think an investigation should be made on the 
perstitious methods of quenching, and it was voted that he may conduct 
iny time to his own satisfaction. 


\bout 125 members were present at each meeting. A, KH, Buelow, 












DETROIT CHAPTER 
ebruary meeting of the Detroit Chapter struck a new note in sub- 
(hese were: 

Pickling Methods’’ by Professor FE. M. Baker of the University of 


‘Sand and Shot Blasting’’ by L. Birckelbaw of the Hudson Motor 


any. 











‘Eletero Cleaning’’ by W. M. Graves of Packard Motor Company. 

[he evening was well started and exceedingly amusing due to the ‘‘Cof 
lalk’’? by C. C. Bradner. He can be well described by quoting from the 
neement of the meeting: 








‘Mr. C. C. Bradner occupies one of the inclusive columns of the Free 
He is one of the reasons we pay three cents for the paper. Mr. Brad- 
| talk on something else, some of the time, and concerning assorted nuts 

rest of the time. He did and we sure laughed off our troubles. 

(hat these unusual subjects for steel treating society meetings were well 

uned is attested by the lively discussion and interested questions that they 


lhe attendance at dinner, as well as at the meeting, was as usual about 










nt 


y-five and one hundred twenty-five for the meeting following. 
Professor Baker’s talk on ‘‘ Pickling Methods’’ was a brief description 
steps in the operation of pickling, both of sheet stock and heavier forg- 
g. He explained the differences in performance of various solutions, par- 
uly pointing out the effect of acidity, concentration and conductivity of 
ckle as well as some probable reasons for effectiveness of some inhibiters. 


interesting additions and discussion showed their general use. 


Mr. Birekelbaw’s talk showed an unusual analysis of the common opera 
na 






blasting. He described the mechanism of various materials for 
se operations and gave some illustrations of how to analyze cost figures 
ndicate comparative values. 
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Mr. Graves’ talk described the suecess of a method of ‘‘ eathod 
pickling. The quality of the cleaned work was well demonstrated b 


gear brought in to the meeting. J. L. Met 











Courses in metallurgy are being given in the evening schools of | 
of the City of Detroit and the Cass Technical High School. 

The evening courses in metallurgy given at the College of the (jt, 
Detroit consist of a study of metallography and fuels and their utili, 

Metallurgy I and 











tion 

Il are being given at Cass Technical High Sebo, 
Metallurgy I consists of the study of the making of pig iron, the differoy: 
processes of making steel, its working and heat treatment. The 
microscope is taught in this course. Metallurgy II 


Metallurgy I. Solving problems that occur in the shop and the practical 


al S 














use of ¢} 





Is a Continuation 











of the microscope are given attention. Fee for the courses is $4.00 exe! 









GOLDEN GATE CHAPTER 





eourse of 


An elementary, illustrated lectures on 








practical twenty 
subject of ‘‘Steel and Its Heat Treatment’’ was begun on March 8, 1927. }y 
Golden Gate Chaper in collaboration with the Oakland Board of Edueatio 


The course will cover a brief introduction to the history of metallurgy 














(ancient and modern), the principles of chemistry, and the manufacture of 
steel from the raw material to the finished heat treated product. 


tion will also be given to the methods of testing and inspection. 








} 
( onsider 








and C, 8. Moody, metallurgical engineers of the Caterpillar Tractor Compan 
are the instructors. 








There is no tuition charge, but a nominal charge w 





be made to cover the cost of printing the notes. These will be 





with about 135 euts and will be worth keeping. The course is open to anyon 





Additional information may be obtained from the secretary of Golden Gat 
Chapter. 













HARTFORD CHAPTER 


The February meeting of the Hartford Chapter was held on the sth 


Professor H. F. 





Moore of the University of Illinois. 
‘‘What Happens When Steels Fail by Fatigue.’’ 
Professor Moore indicated that 


He delivered a paper 











fatigue failures are progressive ratli 





than instantaneous over the entire surface. 





Under repeated 








progress can sometimes be followed. 








point. 





In explanation, he indicated that apparently there is a tearing apart 0 





the metal particles even though the repeated stresses might be well below t 
elastic limit, with which fatigue limit has no relation. This is due to the fa 


that the metals are not homogeneous and contain local areas of weakness 














These will give first and the spreading follows. The local weakness mig! 





put into the piece in question as for example through sharp corners. 





For the so-called engineering steels, structural steels up to about 4 





srinell, it has been found that loads up to 50 per cent of the ultimate 











The lectures will be fully illustrated with the reflectosecope. H. 8. Taylor 


illustrated 


the Assembly Hall of the Hartford Electric Light Company. The speaker was 


stress, th s 


A moving picture film illustrated this 
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5) times the Brinell hardness will usually resist fatigue for an in 


lefinit riod. 
Professor Moore’s excellent delivery together with the subject. found in 
stant f r with the large gathering. A lively discussion followed the presen 
the paper. H. J. Fischbeck. 


LOS ANGELES CHAPTER 


fhe last regular meeting of the Los Angeles Chapter of the American 













syiety for Steel Treating was held February 12, 1927, at 2:30 p. m. in the 
nt of the Douglas Aireraft Company located at Santa Monica, Calif, 
fhrough the courtesy of the Douglas Company officials, the members of 
Society and their friends numbering about one hundred in all had the 
‘ure privilege of an inspection trip through this, one of the most modern, 
mplete, and up-to-date aircraft manufacturing plants in the United States. 
“Mr. Kindleberger, chief engineer of the Douglas Company, escorted the 
‘sitors through the various departments explaining in detail the various 
haves of construction of the planes as we passed through the departments. 


The plant consists of five large ship buildings where all of the Douglas 










nlanes are built. All parts of the ships, with the exception of the motors and 
‘natruments, are made and assembled here in this plant. 

Mr. Kindleberger gave a very interesting talk on the welding of the 
special metals and steel tubing used in the construction of the fuselage of the 
nlanes. Stress was also placed upon the accuracy of the jigs used to take 

re of expansion and contraction of parts used in the manufacture of the 
PLInes, 


The members were very much interested in the great amount of handwork 





making up all of the laminated wooden parts going into the planes and 












the aeeuraey with which every part is shaped. It was interesting to see the 
irge wooden members built up from so many thousands of small pieces each 
ecurately shaped. 

The wing shops where all wings were made proved very interesting as we 
vere able to see how the special airplane cloth is shrunk, weather-proofed, 
painted and assembled. 

inally, we were shown the assembly shop where the complete planes are 


ssembled; where the motors and all instruments are mounted, and, if govern 

















ment planes, where the guns are installed. Two, nine-men capacity planes 
ere ready for shipment at the time of our visit. 

Such keen interest was shown throughout the various departments that 
Mr. Kindleberger suggested we make an annual affair of a plant inspection 
through this plant. 

\fter a vote of thanks to Mr. Kindleberger the meeting adjourned. 

kt. C. Black. 
MILWAUKEE CHAPTER 

"he Milwaukee Chapter held its February meeting on the 14th at the 
Republican Hotel. 

\ banquet at 7:00 p. m. with an attendance of fifty was followed by a 


ecture on high speed steel, its structure, composition, and treatment. Two 







vels of pictures illustrating operations in a tool steel mill, lantern slides and 
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fractured specimens were an interesting part of a very instructi 

J. P. Gill, metallurgist of the Vanadium Alloy Steel Compa 
Pa., was the speaker of the evening to whom we wish to expres 
also to the Vanadium Alloy Steel Company. M. E.G 





NEW HAVEN CHAPTER 


When the writer walked into the dining room of the Hote! 
saw so many smiling faces, he was at once convinced that the dinner » 
have come to stay, and, from now on, will occupy a permane: 
the New Haven Chapter. 


After having the inner man satisfied, we journeyed to 














Laboratory of Yale University for the regular meeting. 
During the business meeting, C. J. Sauer, our honorable chairma 
the members and guests that this was the last meeting of the year to } 


in New Haven, and on behalf of the chapter thanked the faculty of \ 


Q 
the use of Hammond Laboratory for our winter meetings. It has ' 
a pleasure to meet under such pleasant surroundings. 

It seems about this time of the year the New Haven Chapte 
wandering fever and wants to do something different, so in April we are goi 
to wander to Bridgeport for our regular meeting, and in May wi 
Waterbury, winding up our year in June with our Annual Frolic at § 


Rock Park. By the way, have you ever been to our June meeting? |! 
you have missed something. If you do think so, plan to be on hand thi 
because the chairman of the Frolie has promised that it will surpas 

Nuf sed. Ask Walter. 


After the short business meeting, the chairman announced t} 






















speaker, W. H. Dunbar, assistant general sales manager of the Norton ( 
pany, had been unexpectedly called away on business, but that BM. ©. lug 
sales engineer of the same company, had been sent in his place. Judging f 
the very interesting talk delivered by the speaker, I would be safe ir 
that the substitution was very good. 

A brand new four reel motion picture, ‘‘The Age of Speed,’’ mad 
the Norton Company, showing the part grinding plays in our present ds 
existence was shown. This film was historic, educational, and enterta 
and contained some very interesting technical information. 

Following the meeting, the chairman threw the meeting open for d 
sion, and from the number of questions asked, it seemed as if everybody 
grinding troubles. We are indeed glad that the subject brought forth a good 
discussion because the chairman of the program committee worked hard 1! 
year to provide a program which would prove interesting. Good work, |’ 
for your efforts and judging from the attendance this year, the members seem 
well pleased. 

The attendance prize donated by W. Paul Eddy, Jr., of the (eometl 
Tool Company was won by J. M. Dillon of the same company. 

We had a very good attendance of sixty-five, but many of the old tan Lat 
faces were among those missing, especially the steel salesman, but a! 
time, we were glad to see so many new faces. Among those missing We" 
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ey, Richardson, 





Besom and Bellis. Well, don’t let it happen 










rter family, father and two sons, were with us, we are glad to 


Bridgeport was very well represented, R. Wallace & Sons Manu 


mpany, Wallingford, were represented by nine men; Geometric 





iv, New Haven, had seven men out, and 





Heppenstall Forge Com 
Bridgeport, had six men out, Congratulations to these 





COMPpPAnies, 
od work up. IL hope some of the other firms will 






come to the 
the end of the yeur, 


a meeting of the New 








Ilaven Chapter this year is missing an 
to hear something worth while. Some of our members have been 
eting. W. G. Aurand, 


NORTHWEST CHAPTER 






Mareh meeting of the Northwest Chapter was held Wednesday even 


1G, at which R, SS. Archer gave a_ lecture 


on Aluminum and 
lloys. The meeting was preceded by a dinner at 





which about 






members were present, 





\rcher first discussed briefly the history 





and development of 
metallurgy and then gave in detail the Hall and 


ised at the present time, 





lloop processes 





The low purity aluminum is used chiefly 





dizer in the steel industry while the high purity metal is used in 


cables, cooking utensils, foil for food wrappers, paints, collapsible 





» replace tin, and for chemieal equipment as aluminum is very resistant 





in kinds of corrosion, 





casting alloys of aluminum were next discussed, especially as regards 
of casting, method of casting, physical properties and uses. The 


, of chief importance in this field are 










the copper, ZINC, and sili¢on 

















Mr. Archer next considered the wrought aluminum 






alloys, giving the 

ompositions used and their properties. He also gave the heat treat 
these alloys and an explanation for the changes in properties in these 
to the heat treatment. 





\fter the lecture there was a good discussion on the strength of the 







im alloys especially as compared with steel, 
chapter was extremely fortunate to have Mr. Archer present this 
ubjeet beeause of its great importance in engineering work at the 


L. J. Weber, 









PITTSBURGH CHAPTER 


rhe Pittsburgh Chapter held its March meeting on the evening of the 






t the U. 8. Bureau of Mines. Following the usual executive meeting, 





was served in the Bureau of Mines Restaurant at 6:30 p. m., which 


tended by about fifty members. At eight o’clock, Chairman W. H. 







called the meeting to order in the auditorium and during the short 


ess Session, Secretary H. R. Wade distributed the new membership list. 





in the form of a leather bound booklet and in addition to the 


Pittsburgh Chapter members, the national officers and the year’s 
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program, it contains a photograph and a short biography of D: 
Crabtree, the chapter’s first chairman. 

At the conclusion of the business session, the chairman wel 
rench, senior metallurgist of the U. S. Bureau of Standards at \ 
D. C., as the speaker of the evening. The subject of Mr. French 
‘*A Comparison of the Alloying Elements Chromium, Nickel, Moly! 
Vanadium in Structural Steels,’’ and it proved to be a talk replet 
tailed information which was exceedingly valuable and interesting. 
introduced his subject by giving the effect upon steel of the abov 
four alloying elements. He then divided their use into two gener 
the low alloy and the high alloy types. 

In the low alloy group were nickel, chromium, chromium. 
chromium-molybdenum and nickel-chromium steels and he compare: 
respect to their making and shaping, their machining properties, 
treatment properties, and their welding, cold-working and ecarburizin 
ties. In the high alloy group, he compared steels containing much 
centages of these four alloying elements in respect to their ability 
ing corrosion and for high temperature service. He then took up 
for resisting wear and gave some interesting information though, 
so little co-ordinated information is available that it is hazardo 
any very definite or general statements. 

Mr. French concluded his talk with a general summary of | 
Throughout this most interesting talk, lantern slides were used whi 
charted information relative to the various phases of the subject, 
photographs of the actual uses to which the various steels discusse: 
put. A broad discussion of this subject was then participated in by 


of the members until the lateness of the hour made adjournment nece 


it was done with a hearty applause in appreciation of Mr. French's s 
and very comprehensive talk. 


A more detailed report of this paper has not been made as 
published in its entirety in the TRANSACTIONS. 


Harry A 
ST. LOUIS CHAPTER 


The sixty-fourth monthly meeting of the St. Louis Chapter of th: 
ican Society for Steel Treating was held Thursday evening, lebruary 17, 
with 160 members and guests present. This was one of the largest attenda 
ever recorded for the St. Louis Chapter. It was indeed gratifying to no! 
the new faces from the old sustaining and the new sustaining members 
want to thank our sister cities, Alton, Ill., and Granite City, fo 
cellent turnout. Mr. Myers of the Western Cartridge Company 
full foree with his associates, also we noted new faces from the La 
Company, Alton, Ill., and it was gratifying to see our new sust 
ber—namely, the Century Electric Company, appearing in full 
joining our Society. 

After the dinner the meeting was called to order by Mr. Sw 
man, and the secretary announced several new members. After 
meeting the speaker of the evening, G. A. Richardson, manager ot! 
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lepartment, Bethlehem Steel Company, was introduced. The title 


. ire was ‘The Manufacture of Wire and Wire Products at its Mary- 
| Plant, Sparrow’s Point, Md., and at the Original Mill at Johnstown.’ 
There were eight reels of moving pictures, which are considered the 






est series Which has ever been produced by their technical publicity depart 


nt. The showing was one of the first, and a very recent release. The 
showed some very unusual scenes, showing Bessemer convertors, the 















ng of the billets and the work of the various departments of their wire 
nuts. In facet, every step in the manufacture of wire and wire products was 
vn, starting at the continuous heating, furnaces, passing to the continuous 
mills, the new muffle type conveyors, cooling racks, cleaning houses, wire 
umnealing division, and the manufacture of special parts, such as woven 
fenee, wire nails, galvanized wire, barbed wire, ete. Mr. Richardson’s 
ture carried him all the way through the presentation of the subject, which 
forded our membership and guests an evening’s instructive entertainment 
h, in the writer’s opinion, was well worth the time of every one present. 
There being no further business, Mr. Richardson was given a rising vote 
thanks, and the meeting was adjourned until March, 


We wish to advise that F. C. Langenberg of the Watertown Arsenal will 
before the St. Louis Chapter in March, and in April we will have A. TH. 


\reambal of the Pratt & Whitney Company; and for May we have Dr. J. A. 







Mathews of the Crucible Steel Company—which should be a 


ent for the attendance of the St. Louis Chapter. C. a. 


SOUTHERN TIER GROUP 
lhe February meeting of the Southern Tier Group was held in the cafe 
. of the Willys-Morrow Company, Elmira, N. Y., February 23, 


great induce 


W erscheid., 








1927. Six 
ive members and their guests were present at dinner. Their number was 
velled by others unable to attend the dinner but attending the talk afterwards 
ringing the total attendance for the evening to about ninety persons. 
mpton, N. Y., Endicot, N. Y., 
resented by groups of 


C. EB. 


sing 
-ainted Post, N. Y., and Athens, Pa., were 
from three to twelve men. 






Killinger, vice pres. and general manager of the Willys-Morrow 
pany, spoke a few words of welcome to the members of the society and 
friends. 








He told how he has watched the growing importance of the 
llurgist and the steel treater during the past twenty years until today he 
very important cog in the machinery of manufacturing. 

The speaker of the evening was F. R. Palmer of the Carpenter Steel 


npany, Reading, Pa. 





He gave his talk ‘‘Give the Steel Tools a Chanee.’’ 
\t the beginning of his talk Mr. Palmer called attention to the well- 
known but seldom thought of fact that when the sum of the strains in a tool 
xceeds 100 per cent of the strength of the steel, the tool must fail. 
Then, starting with the supposition that the steel was of high quality and 
ng high quality as cleanliness, purity, and uniformity, Mr. Palmer talked 
¢ contributing factors which set up strains in a tool. 








+} 





By means of slides, 
He took in turn the tool 
esigner, the tool maker, the heat treater and the grinder, pointing out how 
ould contribute to the sum of the strains in the tool and repeatedly 


‘llustrated his points in a convincing manner. 






Y 
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referring to the simple truth that when that sum exceeds 100 pel 
must break. 


Mr. Palmer ended his talk by making a plea to all tool mal 


ployers to give the heat treater a square deal. Enlarging on this 
said that so often all possible care is taken with a tool or a piece o! 
it reaches the heat treater. Then he is ordered to rush the job wh 
ter judgement tells him that to do so will result in a defective t 


than that many companies have wonderful machines and equipm 


shops but the heat treating furnaces are poorly designed and tly 
equipment is conspicuous by its inaccuracy, improper application 
sence. To bring home his point, Mr. Palmer asked what the tool 
say if he were given a blue print marked in decimal dimensions, 


steel, a dressmaker’s tape measure and told to ‘‘Go to It.’’ 


TORONTO CHAPTER 


Probably unique in American Society for Steel Treating hist 
action of Toronto Chapter in staging a vaudeville revue and « 
will now be an annual event, in the Metropolitan Assembly Rooms, 
Street, Toronto, December 23, in order that the lives of eighty-s 
of destitute workmen formerly employed in various phases of the meta 
industry, might be brightened, Christmas Day. 

Suggested at an executive meeting of the chapter by T. H. Y: 
Steel Company; at once endorsed by W. J. Blair, Canada Cycle 
Company; J. W. McBean, Central Technical School; J. A. Dow, | 
Aeme Screw & Gear Ltd.; Cliff Cornwall, Canada Lllinois Tool Comp 
Lowry, Massey-Harris Company; A. G. Davis, Consumers’ Gas Company; 
Campbell Bradshaw, managing editor, MacLean Technical News; 
of the best ‘‘shows’’ ever held in the Queen City of Ontario 


Nor 
LPPCTS, 


by a capacity house of steel treaters and engineers, equipment manuf 
and their representatives. 

Despite the fact that the benefit was suggested for the first 
December 9, every seat was sold forty-eight hours before ‘‘ th 
eurtain’’. 

Granted exemption from the amusement tax by Dr. J. D. Mont 
vineial treasurer of Ontario, the proceeds were devoted to croquet sets, 5a! 
Claus spinners, pork and beans, biscuits, bananas, picture books, on 
coke, chareoal, bread, roast beef, oranges, apples, chocolate bars, pot 
flour, baking powder, mittens, stockings, undervests, blankets, sheets, t 
mouth organs, butter, sugar, carrots, cabbage, turnips, dolls, and | 

The nature of the entertainment can be determined in some | 
the fact that acts from the B. F. Keith time, Shea’s Hippodron 
Theatre, Uptown Theatre, and Leo Feist Inc., the music publis! 
their services through the courtesy of the various theatre manage! 

The publicity was handled by the editorial staffs of Canadia 
and Power House, two of the MacLean technical newspaper, and 
was undertaken Christmas Eve. Preparation of the baskets beg 


and distribution was continued without cessation until 4 a. 
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Work was resumed again at 9 a. m. and completed at 11:30 a. m. 


3 ters to whom especial credit is due for this phase of the under 
e J. W. MeBean, Cliff Cornwall and D. G. MacInnes. 






t 








\ mth later, on January 21, Charles McKnight, Jr., International 


\ickel Company, repeated his talk on ‘‘Some of the Newer Developments on 
1’’, which was so enthusiastically received by the Montreal Chapter 
lier, And again Mr. McKnight emphasized the leadership of Cana- 


sf Oe 


roads in the application of nickel steel, a product which has its origin 
Dominion, to steam boilers, as a result of the limitations now evident 
ight and size of locomotives. 















McKnight said in part: 


‘\ 
Wi 


ile the heat treatment of alloy steels is a familiar subject to the 


ge heat treater, there are recent developments in the use of nickel steels 
re not generally known. 


day there is no field for the use of nickel, except, perhaps, the rail- 
is’ growing use of nickel steel, that shows such promise. 

To sum up briefly, nickel in cast iron tends to refine the grain; to in- 
se the machinable hardness; to increase the resistance to wear; to in- 


rease the strength; to reduce the chill and to eliminate porosity. 


This list 
S rund 


s like the collection of ills cured by some patent medicine, especially 


ag some of them seem contradictory. This can be explained by saying that 


nickel is to be added to cast iron, the other elements must also be con- 
trolled in order to gain the desired end. 







on 


The increase in the wear of castings when nickel is used is due, first to 
this increased hardness, and, secondly to the finer structure and freedom from 
Under wear conditions, these hard carbide particles act 
ipping compound and increase the wear considerably. 


|’ ese 





rbide particles. 







valuable characteristics are exh hited by the addition of nickel 
in cast iron, but other alloys can be used to supplement the nickel, 
most common one being chromium. The conjunction of the two is mutually 
ntageous. Chromium is a powerful hardener of iron but is also very active 
dlueing chills and carbide spots. 






This tendency is counteracted by nickel. 
best ratio of nickel to chromium is two or three to one. 








( 


st iron with nickel alone or in combination with other elements, is 
today for a wide variety of purposes, such as automobile cylinders and 
ifferential spiders, Diesel engine cylinders, hydraulic press castings, 
d pipe fitting castings, electrical resistance grids, pipe balls, steam 


bushings and pisten rings and rolls for steel mill service. 









Campbell Bradshaw. 


TRI-CITY CHAPTER 





meeting was held on Thursday evening, February 17, at the LeClaire 

Moline, Hl. J. P. Gill, chief metallurgist of the Vanadium-Alloy Steel 
ny, spoke before the Tri-City Chapter of the American Society for Steel 

‘ing on **Carbon Tool Steel.’’ Mr. Gill’s talk was divided into three 
the composition—method of manufacture and heat treatment. 


composition was discussed the effect of the different elements 
found in earbon tool steels. 








Comparison of crucible, electric and 
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open-hearth steels was explained and the effect of different mill oj) 
subsequent structure discussed. Effect of time and temperatur: 
with length of time at tempering temperature was explained in 
talk was closed with some remarks regarding normal and abnorma! 
in which it was stated that abnormal steels could be hardened 
spots if proper precautions were taken. 

Mr. Gill was accompanied by W. R. Mau, Chicago district ma 
Vanadium-Alloys Steel Company. 


\ 


TRI-CITY CHAPTER 


The meeting was held on Tuesday evening, March 1, at the Int 
Harvester Tri-City Works, Rock Island, Il. 

Equipment and operation of the huge tri-city tractor plant of 
national Harvester company on Fifth avenue, Rock Island, near th 


partme 
office 
of the 

Or 
tion of 
its kin 
in diay 
out flat 


\pprox 





to ham 
ation 0 
has ms 


its esta 


line between Moline and Rock Island were inspected by 150 members of t 
Moline chapter of steel treaters with Professors Fielding, Fleming and O'br 
of the University of Iowa and twelve engineering students. ‘The tec! 
men were the guests of the International Harvester company at 

the plant cafeteria, following which they were taken through thi 
Arrangements for the dinner and the trip were made by E. H. Solner, 


eral manager, and J. W. Phillips, assistant general manager. Entertainn 
at the dinner was furnished by the company orchestra and quartet. The 1! 
spection tour through the great factory, described as one of the most m le! 
tractor plants in the world, under the care of guides for each small gr 
of guests was greatly enjoyed by the entire party. 

The trip first took the visitors through the new tool room, then 
assembly chain where the tractors are put together as they travel | 
shop. After assembly, the tractor is sprayed, washed and painted. 
ing is accomplished as the compléted machine passes through an 
300 feet in length. The guests then saw the testing department! 
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sembled tractors are given their final adjustments and tuning before 
unt. The party visited the wheel shop. Here steel wheels for the tract 
turned out at the rate of 200 to 250 a day. 


An enormous punch press 

groups of bulldozer machines, made by the Williams, White & Company 

ne, held the interest of the visitors for some time. A maze of auto 

machines for turning out parts of the differential and transmission was 

| by the guests. Automatic gear cutting machines seemed to hold the 
interest. 

hree gigantic furnaces, each thirty feet in length, marvels of engineering 

‘ection, greeted the party as it entered the heat treatment section of the fac- 
ry. Electricity and gas are the fuels used for the furnaces. These, the 
ides explained, give the uniformity of heat and automatic control necessary 
treat the most exact parts going into the tractors. There are no men here 
harging the furnaces and at the same time watching and controlling the heat 
s is the case in the majority of factories. The temperature of the furnace 
and the speed with which it is charged and emptied is controlled by the de 
partment head in his office overlooking the entire shop. Charts are kept in the 
office showing and recording continuously the temperature in various portions 
of the furnace. 

One machine in this department claimed more than its share of the atten 
tion of the visitors. It was the Ajax upsetting machine, one of the three of 
its kind and size in use in the world. Huge bars of white hot steel 31% inches 
in diameter were fed into this machine and in less than a half 
out flattened to a diameter of 14 inches. 
ipproximately $55,000. 


minute came 
The press weighs 158 tons and cost 
Forgings upset in this machine are held to be superior 
to hammer forgings in that they can be made to closer limits and the oper 
ation of trimming flash is eliminated. The visiting party was the first that 
has made an inspection through the International Harvester 


factory since 
its establishment here in the fall. Geo. A. 


UhImeyer, 


——————————— 


WORCESTER CHAPTER 


embers 0 


The Woreester Chapter held its regular March meeting Thursday, the 
at Baratti’s Restaurant, Worcester, Mass. 


Seventy-five members and 
guests were present at the lecture which was preceded by a supper at 6:30 
kK p. m, 
A few announcements were made by E. D. Clark, our chairman, and Mr. 
igelow of our membership committee, after which Mr. Clark introduced the 
t for the evening, Jordan Korp of the Leeds and Northrup Company. 
orp gave a practical talk on ‘‘ Tools, Design, Heat Treatment and Its 
\ionship to ‘Production’ ’’. <A brief outline of this talk follows: 
Mr. Korp started his talk by relating the marked difference as to the 


‘mation given the designer and tool maker as compared to information 


hardener. As a general rule the designer and tool maker have 


a 
of information to work with in order to make a perfect tool. 


In 
if any dimension is missing it is quickly furnished. All this tends to 
he tool maker ample opportunity to make a perfect tool. This perfect 
S then 


sent to the heat treatment room with information of this char- 
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acter: ‘‘Here is a tool and we want it right away!’’ The harde: 
as many variables as the tool maker to deal with, treats the tool wit 
amount of information. 


The speed that is required because tools are wanted—thus not owing 
them enough time in the heat treatment room—is usually disastro) Speed 
cannot be successfully practiced in the heat treatment room. Th; 
(who is more afraid of his job than spoiling a tool) usually consent 
the hardening of a tool too quickly. The management is the chief 
Mr. Korp had an opportunity to see a large tool heat treated in fifte: 
when it should have taken three hours. It was subsequently ruined. 

The hardening of steel successfully requires that strict attention be paid 
to details. The rate of heating of a piece of steel in hardening is not 
enough attention. Steel should not be heated faster than it will 


irdener 
to fi Tce 
( fender, 


min tes 


given 


absorh heat, 


Quick heating will cause strain, because of the uneven condition of expansion 


that often results in failure. The number of degrees that the steel is heated 
above the critical temperature is important. This will vary with the nature 
of the work and it should be borne in mind that the rate of heating will vary 
the critical temperature. Cutting ability and depth of hardness will all al 
affected by the temperature to which a tool is heated. 

The rate of cooling and volume of quench are very important. The 
faster the rate of cooling the more the strain in a tool. Quenching a large 
tool in a tomato can is not good practice and the amount of liquid should be 
regulated with regard to the size of the work to be quenched. The tempera 
ture of quenching medium is also to be watched carefully as sometimes a few 
degrees variation results in a marked difference of properties of quenched 
steel. In the use of a brine solution the density should be controlled for best 
results. A saturated brine solution will give soft spots on tools quenched in 
it. If the use of a jet or spray of liquid is practised the pressure is of im- 
portance. 

Drawing or tempering of steel should have quite a lot of attention. The 
effect of time and temperature are of marked importance. Temperature will 
decrease hardness and time will increase toughness. The drawing of steel by 
color is obsolete and if used results in very non-uniform condition to the todl. 

The hardener gets a hundred per cent of the blame when a too! fails and 
failure occurs when a tool is not everlasting. It has been proven that the 
hardener is not always to blame, for the designer and tool maker come in for 
their share. We must control all conditions if we expect to get the best re 
sults and the heat treater should consider all conditions very seriously. 

In concluding Mr. Korp had a number of questions to answer, which he 
did in an interesting manner. C. G. Johnson. 
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